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PREFACE 



The first part of this work was published in the beginning of the present 
year, having been written about a year before. At the time of that publi- 
cation, the preparation of the subsequent portion of the work, had not 
been commenced, nor had its preparation and publication been fully deter* 
mined on, though an intimation of such a purpose, was therein expressed. 

Some fifty or sixty copies of the first Essay were circulated among 
friends, and persons who, it was thought, would feel an interest in the sub* 
ject, for the purpose of calling attention to a matter on which I had be- 
stowed a considerable amount of study and investigation, and on which I 
believed myself in possession of some valuable information. 

The encouraging reception which that Essay met with from a number 
of engineers and others of high standing, whose opinions on the subject 
were worthy of the first consideration, determined me to suspend the dis- 
tribution of more copies, until I could prepare and publish an additional 
part, or Essay, going more into practical detail than had been previously 
done, which it was thought, would add greatly to the utility and value 
of the work, and render it, in some measure, worthy of the attention of 
those interested in the subject treated of. 

Under these circimistances, the work does not show that unity of de- 
sign, and imiformity of plan, which would be expected in a work prepared 
and published all at the same time. But, though this may detract a Httle 
firom the external appearance of the book, it is believed not to impair its 
convenience or utility. 

It will be seen that the first part is illustrated by wood-cuts, distributed 
through the body of the work, as nearly as might be to where the figures 
are respectively described and referred to. It was found not so convenient 
to carry out the same plan in the second Essay, and therefore, I have ob- 
tained lithographic figures to illustrate that part, which are annexed to the 
end of the work. The figures to the last part are distinguished by num- 
bers continued on fi-om those in the first part ; and when reference is made 
in the last part, to figures in the first, the pages are usually given where 
such figures will be found. 

The numbers of the articles or sections, also, run fi-om the first part to 
the second, in the same system. By the way, the numbers to articles X> 



IV. 

and XI., are omitted in the print. The fonner ehonld be on page 9, before 
the word " Again," about two-thirds down the page : the latter, before 
the word " Discarding," at the second paragraph of page 1 1 . No. XXVII. 
is also omitted at the beginning of page 32, and XXVIII. at the first 
paragraph from the top, page 33. 

Several other trifling t3rpographical errors found way into the first Essay, 

none of which, however have been observed, worthy of notice, except, that 

ad 
in some of the copies, at the end of the 7th line, 9th page, ^rj- occcurs 

ad 
where it should be irnto, while in most of the copies, only the accent to 

the ( is wanting. Also, in the 6th line firom the bottom of page 45, the 
word pieces should be prices. I may as well in this place, refer to a few 
errors that occur in the second Essay, which, as well as the preceding, it 
will be well to turn to and correct with a pencil before reading the work. 
First, the word and, at the beginning of the 9th line, 58th page, should be 
transposed between the figure 10, and the word cylinders, in the same 
line. Second, the letter c, (referred to in the 13th line from the bottom of 
page 67,) should be on the cross bar nearest to a and b. Fig. 13, PI. I. 
Third, in the 7th line of page 77, cb and cd should be ab and cd. The 
other errors that have been noticed, are merely mistakes of a letter or 
two, which the reader will readily correct as they meet his eye. Further 
remarks or explanations are not deemed necessary in this place. 

In ofiering this little work to the Engineering profession, I would not be 
suspected of presuming that the subject has been exhausted, or that a want 
which has been long and deeply felt in this branch of the profession, is 
fully satisfied. I may, however, be allowed to hope, that my labors in the 
field will have been the means of efiecting one step of advancement to- 
wards the attainment of so important a desideratum.- 
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I. A Bridge is a structure for sustaining the weights of 
carriages and animals in their transit over a stream, gulf, 
or valley. 

Bridges are built of various plans and dimensions, accor- 
ding to the circumstances and objects of their erection. 
My present purpose is, after a few remarks upon the gen- 
eral nature and principles of Bridges, to attempt some 
analyses and comparisons of the respective qualities and 
merits of various general plans, with a view of deducing 
practical results as to a judicious and economical choice 

and application of materials in th^ construction of those 
important erections. 

II. The force of gravity, on which the weight of bodies 
depends, acts in vertical lines, and consequently, a body 
can only be prevented from falling to the earth by a force 
equal and opposite to that with which gravity acts on the 
body. This resisting force must not only act vertically 
upward, but the line of its action must pass through the 
centre of gravity of the body it sustains. All the forces 
in the world, acting parallel with, or perpendicular to, the 
vertical passing through its centre of gravity, could not 
prevent an ounce ball, (concentrated to the point of its 
centre of gravity,) from falling to the centre of the earth, 
unless it were a horizontal force capable of giving the ball 
a projection, such that the centrifugal tendency should 
equal or exceed gravity : a kind of forcfe which could 
never be made available towards preventing people from 
falling into the water in crossing rivers, consequently of 
no use in bridge building. 



In fact, nothing but a continuous series of unyielding 
material particles, extending from an elevated body down- 
ward to the surface of the earth, can hold ur sustain that 
body above the eaith, by vertical and horizontal action 
alone, either separately or in combination. 

III. Suppose a body, no matter how great or small^ 
placed above the earth, with an unfathomable abyss, or 
an inaccessible space beneath it. Attach as many cords 
to it as you pl»ase, sti*ain them much or little, (only hori- 
zontally,) the body will fall nevertheless. Thrust any 
numbet of -I'ods, with whatever force you may, horizon- 
tally against it, still the body will fall. Moreover, the 
space beneath being inaccessible, there is no foundation 
or foothold on which to rest a post or stud, that may di- 
rectly resist the action of gravity, and the lines of all other 

• vertical forces or resistances pass by the body without af- 
fecting it. In the situation here supposed, the body can 
only be prevented from falling by ^blique forces, that is, 
by forces whose lines of action are neither exactly hori- 
zontal, nor exactly vertical. 

Attach two cords to the body, draw upon them oblique- 
ly upward and outward, in opposite directions, or from 
opposite sides of the abyss, with a certain stress, and the 
body will be sustained in its position. Apply two rods 
to it obliquely upward, of a proper degree of stiffness, in 
the same verticle plane, on opposite sides of the perpen- 
dicular, a certain thrust exerted on those rods will prevent 
the descent of the body. 

IV. Here, then, we have the elementary idea, the grand 
fundamental principal in bridge-building. Whatever 
form of structure be adopted, the elementary object to 
be accomplished is, to sustain a given weight in a given 
position, by a system of oblique forces whose resultant 
shall pass through the centre of gravity of the body, in a 
vertically upward direction, in circumstances where tho 
weight cannot be conveniently met by a simple force in 
the same line with, and opposite to, that of gravity. 
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To dwell a little on this elementary idea, let us sup- 
pose h,h' [Fig. 1,] to repre- -jn y 
sent the banks of a river, or . 
the abutments of a bridge, p''-.^ 
and gg' the line of transit 
for carriages, &c. ; and sup- 
pose a load of a certain "X 
weight Wi to have arrived 
at a pointcentrally between 
b,h'» The simplest method 
of sustaining the weight is, perhaps, either 'to erect two 
oblique braces, hw h'w^ or suspend two oblique chains, 
pw.p'to from fixed supporting points at b,b' or p.p'. 

It is not necessary that the weight be exactly at the 
angular point w, of the braces or chains, but it may be 
sustained by simple suspension at w' below, or simple 
support at w", and such obliquity may be given to the 
chains or braces, as may be most economical, a consider- 
ation which will be taken into account hereafter. 

V. Thus we §66 how a weight may be sustained cen- 
trally between the banks of a river, or the extremities of 
a bridge. But the structure must not only provide for 
the support of the weight at this point, but also at every 
other point between h,b' or g.g\ and it is obvious that the 
same plan and arrangement will apply at any other point 
as at the centre, with only the variation of making the 
braces or chains of unequal lengths. 

This, however, would require as many pairs of braces 

or chains as there were points between g,g', a thing, of 

course, impracticable. We therefore resort to the lateral 

strength and stiffness of beams — phoonomena with which 

all have some acquaintance, and without digressing in this 

place to investigate their principles and causes, I ^will 

merely assume, as a fact sustained by all experience, that 

for sustaining weights between two supporting points, 

upon nearly the same level, a simple beam affords the 

most economical means, until those pQii\t& «i^<:.^^^ "^ ^^^sv.* 
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tain distance assunder, which distance will vary with cir- 
cumstances, but in bridge-building will seldom be less 
than 10 to 14 feet, where timber beams are employed. 
Hence, for bridges of a length of 12 or 14 feet, usually, 
nothing better can be employed than a structure supported 
by longitudinal beams, with their ends resting on abut- 
ments or supports upon the sides of the stream. Of 
course, I shall not be understood here, as having any re- 
gard to stone or brick arches. For though these are 
advantageously used for short spans, and in deep valleys, 
where the expense of constructing high abutments for 
supporting a lighter superstructure would exceed or ap- 
proximate to that of constructing the arch, it is my pur- 
pose to speak only of those lighter structures, composed 
mostly of wood and iron, and supported by abutments 
and piers of stone, or by piles, or frames of wood. 

Having then, adopted the use of beams for supporting 
short distances, it is only necesfiary on longer stretches, to 
provide support for a point once in 10 or 14 feet, by 
braces, &c. from the extremities, and for the intermedi- 
ate points, depend on beams or joists extending from one 
to another of the principal points provided for as above. 

VI. For a span of 20 or 30 feet, it would seem that 
no better plan could be devised, than to support a trans- 
verse beam midway between abutments, by two pairs of 
braces or suspension chains, one pair on each side <jf the 
road-way ; this transverse beam affording support for 
longitudinal beams extending therefrom to the abutments. 
When suspension chains are used, it is usually called a 
suspension bridge. If braces be employed it is termed a 
trussed bridge. 

VII. Before advancing further, it will be proper to 
refer to a fact which has not yet been taken into account, 
though one of the utmost importance. 

The sustaining of a weight by oblique forces, gives 
rise to horizontal forces for which it is necessary to pro- 
vide counteraction and support, as well as for the weight 



of the structure and its load. The braces aw and hta-, in 

supporting the weight w xy A 

[Fig. 2,] act in the direc- -*-'^' 

tions of their lengths with a y^ 

certain force^ which bears y^ 

the same relation to ^ t^ as y^ 

wa or wb bears to wc^ and €C C q 

their action at each of the points a and h, is the same as 

would be that of a perpendicular force equal to J Wy and a 

QC 

horizontal force outward equal to J — w. Therefore the 

abutments must be calculated to withstand this horizontal 
force, or some sort of connection or ligature must be 
provided between a and h, capable of withstanding it, in 
which case the action upon each abutment is simply a 
vertical pressure equal to J ir, omitting the weight of the 
structure. 

This horizontal action is called the horizontal thrusts 
and if the abutments be relied on to sustain it, they will 
require to be better and more strongly built than when 
they only sustain the weight. 

This thrust always has place when a weight is sustained 
by any means except by a continuous series of solid bod* 
ies extending from it directly downward to the earth.. 
Hence the necessity, in all cases of indirect sustension of 
weights, of having, at least, 2 pieces or parts, either inclin- 
ing in opposite directions, or having unequal inclinations., 
that their horizontal actions may neutralize one another; 
otherwise the body would move in the direction of the 
greater horizontal thrust. 

The horizontal thrust has place even in the case of a 
simple beam, being exerted by the upper part^ and coun- 
teracted by the lower. 

In the case of suspension bridges, the horizontal ac- 
tion of the chains is inward, and a counteracting outward 
thrust is exerted by that portion of the earth between the 
points of attachment ; or it may bemetand opposed by a rigid 
body extending from one point o^ ^\i%^^Tw^\OTwXo ^^ ^'^'es^ 
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Whether the horizontal thrust may be more economi- 
cally sustained by the abutments or otherwise, will depend 
oif circumstances, and can more easily be determined in a 
subsequent part of the investigation. 

VIII. In structures exceeding about 25 feet, or proba- 
bly 30 feet at most, the length of joist from the centre to 
the ends, would requiio so great a size to give them the 
requisite stiffness, that their weight and cost would be 
quite objectionable. It becomes expedient, then, in such 
cases, to provide support for more than one principal 
point, or transverse bearer. A superstructure of from 30 
to 40 feet, may be constructed with two cross bearera, 
sustained by two trusses, with two pairs of braces each, 
as may be seen in Fig. 3, and it will probably be best, in 
such short spans, at 2 
least, to provide con- -t, O. JL^ 
necting ties between 
the feet a.a', of the 
braces. The cross 
bearers maybe at i.^' C Cf (I 
or suspended below at c,d. The thrust upon each brace, 
will be as the length of the brace divided by the perpen- 
dicular Ic or b'df and the stress upon the tie aa', inversely 
as be. Hence the propriety of giving the trusses a con- 
siderable elevation. Unless connected over the top, 
however, they become top-heavy, if carried too high, and 
are with difficulty sustained in an erect position. They 
should, therefore, usually be connected across the top, and 
secured by lateral bracing when designed for heavy loads. 

IX. The above is the simplest form for a truss to sus- 
tain two cross bearers. It is not, however, the most eco- 
nomical. A better, as well as a more common form 
of a tjCuss for two bearers is that shewn in Fig. 4. 

To compare this form with that in Fig. 3, suppose a 
weight, tc, placed at each of the points h.b\ In virtue of 
those two weights, there will be a vertical pressure equal 
to Vf, exerted at a, through the medium of the brace 




ha^ and a horizontal 

thrust equal to ^w, • 

and the same at a\ 

Similar weights at 

hh', in Fig. 3, would- ^ 

produce the same , 

. ac ad 

vertical pressure, but the thrust would equal \r''^^\'rn'^ 

But ad^=^ac and h'd=bc. Hence, by substitution, we 
have the horizontal thrust equal to ^^w, which is one- 
third gi-eater than in case of the truss shown in Fig. 4, 
having the same general dimensions. 

Hence truss [Fig. 3,] requires one third more material 
in the tie aa'^ or one-third more power of abutments to 
sustain thrust, than truss [Fig. 4,] and a similar excess 
of material in braces ; and as an offset, truss 4 requires 
the additional braces hd, h'c, possessing about one-third 
the strength of the main braces ah^a'h'. This still leaves 
the balance in favor of truss 4, aside from the saving of 
horizontal thnist. Hence truss 4 is decidedly preferable, 
except where the abutments sustain the thrust. For it 
will readily be seen that the horizontal thrust of the 
braces hd, h'c, in truss 4, cannot act directly on the abut- 
ment, whereas the whole thrust of all the braces in truss 
3, may be directly sustained by the abutments. 

Again, let us suppose two trusses, 5 and 6, of the same 
length and height, with four bearing points at equal dis- 
tances, and loaded at each of these points with a certain, 
weight w. 

In truss 5, let aw, ww, &c. be sub-chords of an arch af 

which aa' is the primary chord, and let aa'=5, and coiv 

sequently ah, he, &c. each=]. Also let the vertical 

wi=§A, and the vertical W6*=7i. Now the points a.w. w, 

&c. a' are very nearly in a circular arch, and nearly in 

equilibrio under the pressure of the weights w,w, &c. — 

The horizontal thrust produced by the weights on this 

, ^ ah 2w Sw 
truss IS 2?^?— = ^= — 
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In truss 6, let each of the weights w.w, &c. be sustained 
by an independent pair of braces wa, wa\ of the same 





height=7i. Then each pair of braces will exert a certain 
horizontal thrust which will be the same in both direc- 
tions, and the sum of which, will shew the whole thrust 
produced by all the weights, and will be equal to 
4w . 2 2w 2 3w . 1 Aw iw 



=-i + z 



^5 



-^ + — -r-=-z- which is i greater than in the 
h o h h 



5h 5 h 

case of truss 5. 

Hence the truss 6 would require more material in about 
the same ratio to support the weight with the same pro- 
portionate stresflif besides that the long braces in truss 6 
would be unable to bear the same stress in proportion to 
their cmss section, as the shorter pieces aw, ww, &c., in 
truss 5. 

But the truss 6 has the advantage of being able to sus- 
tain itself when part of the weights are removed, as each 
one is sustained independently of the rest ; whereas truss 
6 would be thrown out of its equilibrium in such a case, 
and could not stand without additional support. This 
may be afforded by diagonal braces, or ties between each 
two of the points w.w, &c., as shewn by the dotted lines, 
which will require about one-third as much material as is 
required to sustain the horizontal thrust independently of 
abutments, or one-th:rd as much as the arch a, w,w, &c. 
contains, as will appear further on. 
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Hence, the result of tbis domparigon is analogotitf 
throughout, to that obtained from the comparison of 
trusses 3 and 4. And when we take into the account the 
disadvantage at which the long braces in truss 6 must act, 
and the general practical conveniences of the two plans, 
it is probably risking little to assume, as a settled fact, 
that the truss containing the arch, and diagonals between 
the main points of support, is decidedly preferable to that 
in which each cross bearer is sustained by an independ- 
ent pair of braces. 

Discarding, then, the plan of independent bracing, as in 
trusses 3 and 5, as inferior to others, I will proceed to a 
comparison of the arched trass with another form of 
trussing, by a sort of cancel-work, in which each oblique 
piece extends from one bearing point to another, between 
two parallel horizontal ribs or stringers, bounding the 
truss at top and bottom. 

Fig. 7 exhibits a canceled truss. In order to analyze and 
determine the merits of this kind of truss, I will first con- 
sider it to be loaded at each of the bearing points o^ n, m, 
h, k, i, with a certain weight w. Now, supposing the 
diagonals, except ao and hi, to act by tension, and the 
verticals by thrust, it is obvious that the parts in the up- 
per rib between o and /, will act by thrust, and the parts 
between a and h, by tension ; also, that the diagonals ao 
and hi will act by thrust, and of the others, the dotted 
ones only, act in this condition of the load, while the 
rest are relaxed and useless. In order, then, to ascertain 
the stress upon each part, I say firstly, at the point a, we 
have an equilibrium between three forces, viz : the thrust 
of ao, the tension of ah, and the resistance of the abut- 
ment, or support on which the point a rests, which last is 
equal to 3w, (not regarding the weight of the truss ;) con- 
sequently, supposing abf be, &c., to be each equal to bo, 
the tension on ab is manifestly also equal to 3w, and the 
thrust on ao is equal to 3w \/2. 

Again, at o, we have an equilibrium of four forces, ex- 
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^rted in the directions of the lines ao, on, oh and oc, of 
which ax> has just been found equal to Zw \/2, and oh is 
"^ual to tr, being simply the weight resting at the point 
o. Then, extending ao and taking of—ao to represent 




ct i c d e J' ^ Ji 

3w; -v/S, letting fall the perpendicular ^=J<>&, we have og', 
representing the resultant of ao and o5, which reduces the 
forces to 3. Then drawing qr parallel with oc, qr obvi- 
ously represents the tension of oc, which is equal to "iw \/2, 
and or represents the thrust of <wt, which is equal to bw. 
The tension of he is Zw^ the same as that of ah^ since the 
parts oh and hn have no action. 

Nextly, at the point c, the tension of oc has a horizon- 
tal action equal to 2w, which added to the tension of 
he {^Zw) gives bw as the tension of ccZ. The tension of 
oe has also ai^ upward action equal 2Wy counteracted by 
the thrust of c», which, of course, is also equal to 2i0. 
One half of this thrust of en, is counteracted by the 
weight \o at », and the other half by the oblique action of 
nd^ which, of consequence, is equal to %o >/2, and exerts a 
horizontal force equal to w upon the part nm. But nm is 
also a(;^ed on in the same direction by the thrust o/*o», be- 
fore shewn to be equal to bm^ consequently the thrust of 
nm is equal to 6t/7. 

At d^ the horizontal action oind^ (^^) ^^ addition to the 
tension of cd^ (=~5to) gives ^vs as the tension of dc. The 
upward action of nd (=tc) just sustains the weight ii^ at m^ 
through the medium of dm^ and the thrust of nm (=^6t9) 
is counteracted l>y the thrust of ml^ which, of course, 
must also be equal to ^w. 
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The stress on the remaining piarts . is the same as on 
those analogously situated on the opposite iside of the 
centre, which we have just determine4* 

Now, by gY)ing through with similar analyses, with the 
weights successively removed, beginning at o, and then 
by removing from both ends at once, Sec., it will be seen 
that the maximum stress falls on the horizontal parts, and 
upon ao and hi, when the truss is loaded thi'oughout. 
That with the weight at o removed, we have the maximum 
stress on oc, =-^tt? \/ 2, and on nc, =— tr. With the weights 
removed from o and n, we have the maximum stress on nd, 
which is —wy/2, and on dm, which is l±w. 

The maxmium on me{=-w^2) occurs when the weights 
are removed from om and m. On If, { = ^w^2,) when 
OM,m. and I are unloaded, on k.g, (=^}^w^/2,) and on 
e.g, (=ft0) when the point i alone is loaded. 

The maximum stress on each part, then,^ may be arranged 
in tabular form, thus : 



ActinflT by Tl&rast* 

Part*. Max. Thrust. 

€LO and ih "- .3w^2 

on and ki 5w 

nm, ml, and Ik Qw 

oh and ig \w 

nc and kf, \^w 

tnd and el ^^^w 



ActinfT bjr Tension* 

Parts. Max. Tension. 

ac andy^ Szr 

cd and ef. ^...,510 

de 6tp 

oc and if. \fwV2 

nd and ek \^Wy/2 

me and Id ^to^2 

\ IfKTiAmCm ^wy/2 

nb and kg \w^2 



Now, multiplying the length of each of these parts by 
the maximum stress under all the conditions of the load, it 
will give us the means of making a near comparison of 
the amount of material required on this plan, with that 
required in another plan in which the pieces are similar 
in general dimensions, and exposed to like forces as in 
this plan. 

To simplify the calculation, let ab^ob, and represent 

B •■ 
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tbe unit of length, which will give the length of the 
diagonals each=>/2. 

Our products then, will he, — 

Unr fdtrU exposed tc Tension. 

Parts between a &i h .,,2Sw 



Fbrpartt exposed to a O^nshinf Ftree, 

aoBudih 12 w 

Parts between (7 &i».. 28 w 
Verticals lA2w 



Total, 47.42tt; 



Diagonals 20w 

Total, 48.«? 



XII. There is another modification of the cancelled truss, 
which dispenses with the vertical pieces, except, perhaps 
at the ends, or at the fii*8t bearing poitits from the ends, 
and I proceed to give an analysis of the action of its 
various parts. 

7 Jt 




In JFig. A., let the parts be so arranged and connected, 
that the. lower stringer ah and the verticals 06 and ig, 
may -act -by tension only, ao and ih by thrust only, and the 
remalbing diagonals by either thrust or tension. 

A weight to sX will exert a thrust on ao equal to 
•ft0>/2, & on oc, me, kg, & i,h, each, equal to ^Wy/2, ]and 
a tension upon cm and ek equal to ^wy/2 : also a tension 
equal to ^10 on ig. 

A similar weight at n y/ill exert a thrust=^tt7V2 on 
nh and oa, and on nd, If, and ih, a thrust =^2(7 >/ 2 ; a ten- 
sion equal to ^w on ob, and a tension =^t(7\/ 2 on dl, 
and Ji. 

A weight to placed at m, will exert a thrvLat^^tOy/^ on 
me and. oa, and a thrust ==|i0%/ 2 on me, kg, and ih ; a 
tension =4tOv^ 2 on oc, a tension ==4t('>/ 2 on ek, and one 
^qual to ffo on 1^. 

The effects of a weight to at I, wiWbe, %. feniaX^^w-J ^ 
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on Id, nh, and oa, a&d one equal to f^u>V2 on {/*and ik, a 
tension "^^10^/2 on dn, one equal to^to on ^0,.and one 
equal to 4^wV2 on fi. 

A weight to at k, will produce a thruBt=v|tDv^2 on 
^tf, mc, and aa, and one equal to ^Ufy/2 on A:^ and't^ ; a 
tension =^ir\/ 2 on em and co, and one equal to ^v> on ^. 

A weight w at i, will exert a thrust=|irv'2 on ih^ one 
equal to ^W'^2 on if ^ ld,nh,^ndoa; a tension =']}^10\/ 2 
otij'l and ^», and one equal to \to on bo. 

Then, collecting all those {partial effects upon the 
vanous parts .together in tahular foxxa, representing thrust 
by the sign — and tension by + , they will stand in order, 
thus : 
For oa6cih each (-^-<^-4-f-|-Jj«^\^2=- Vwv'2=-3wv'2 

oh&cig (+5 + 3+lHw=S^=w 4-1.286W 

nh & % (— 5— 3-iUtt,v^2=— Jw^/2.=-1.286te^/2 

mc&Llf -f|tt>>/2--{4 + 2)^tt?v/2= 4-,142^o^/2— ,857w>/2 
Id & wtf +lwx/2—(34-l)|tt7>/2= +.S86w?>/2— ,571t£7%/2 
ke&cnd +(1— 3)^tt>y'2— ifw>/2= +,571tt;>/2— ,286tt7>/2 
t/&oc +(2-f4)^tt^|j^l— ^wv^2=: +,857tDv'2-,142w\^2 

The quantities yith the sign + prefixed shew the 
maximum tension, a§d those with the sign — the maximum 
thrust or crushing force to which these parts respectively 
can be exposed, and the differences, the effects produced 
by the whole uniform load. 

For the action of the hoiizontal parts, it is manifest 
that the tension of ah is equal to horizontal part of the 
thrust of aa, that is, equal to 2w, On hx it is equal to the 
same, + the horizontal action of fib, that is,=3iD+1.286w 
=4.286w. 

cd sustains this same force, + the horizontal part of 
the action of oe and cm under the uniform load, that is, 
=(4.286+,715+,715) tt>=5.716w. 

de sustains the tension of cd-\- the horizontal action of 
nd and dl under the uniform load, = (5.716 + 571) w= 
6.287W. 

efy fgf gh, sustain the same forces «^ ed^'bc^ a>i, ^a "-^^b^ 
determined. 
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In a similar manner we determine the tbmst of the 
parts between o and i to be, for mt and hi eqoal to 3if7*f- , * 
714to=3.714v^; for nm and M, equal to 5,28tDy and fur 
tivb^ equal ito 6.28t0. 

NoW, multiplying the lengths of the different parts by the 

maximum stress upon each, we have, for parts exposed to 

TKmsty 

ao and ih 12.000ii^ 

From o to t: 24.260w 

Other diagonals. . . . 12.568u^ 



From a to A. . J 32.290u9 

V*erticals ob 6cig... 2,571w 
Diagonals 7.424ti» 



Total, 48,828w 



Dctuct for parts \ Detuct for parts 



Total, 42.285tt7 



acting by thrust f lJ712w 

and tension, prin- C • 

cipally thrust, 3 40.573m? 



that act by thrust f 1.712ie^ 

and tension, prin- / 

cipally tension, ) 47.1f6 

This shews a difference of about 8 per cent in favor of 
truss A. over truss 7. 

But it will be observed that in truss A. the number and 
lengths of pieces exposed to thrust-are greater, which, in 
a measure, will counteract the seeming advantage. This 
plan should, doubtless, be prefisrred in many cases, 
especially for wooden bridges. 

XIII. Fig. 8 represents an ai*ched truss, of the same 
general parts and dimensions, and in the same condition 
as to load, &c., as tniss Fig 7. 

When loaded throughout equally, the arch is supposed 
to be m equiUbrio without any action of the diagonals. 
Now, it is obvious that the three forces meeting at the 

point a, viz, the resistance of the support, the thrust of 
oa, and the tension of ab, are to one another bls ob: oa: ah. 
But the first is equal to Zw (neglecting, as ixx the case of 
truss 7, the weight of the structure,) consequently the two 

latter are respectively equal to Str— and ^^t— 

These quantities may be calculated with the utmost 
precision by trigonometry. 3ut for practical purposes 
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generaHy, they may be determined witb sufficient accuracy 

by geometrical construction, and are found to be 3i^;— = 

* • 

6.53m?, and 3z^T— ^5.83tt?. Hence, making a5=l wohave 

00 

•=— =5.S3w and '7-=5.83. Then substituting this value of 
ho 00 

— in the expression 3m>— ,.we have the thrust of ao= 

5.83ao.2c. 

Th*5 number 5.83 is peculiar to this particular proportion 
of truss, ».«, having 6 principal bearing points^ and 7nd=^ 

Now, it is manifest that a% throughout sustains the 
same tension as the part ab. 

Then, drawing «/? parallel with ao^ the three forces 
acting at c?, will be as no (=J^n») : on: op. But the thrust of 

a(?=3Mr-7— . Therefore the thrust of (?» =6ii>— r=-r- on.to^. 
00 , 00 oh 

5.83c?n2r. 

In like manner we ^d the thrust of nm^=-b^Znm.w^ and 
the thrust of fwZ=" 5.83t^. 

Now we find by analysis that these quantities represent 
the maximum stress upon all the parts of this arch a,oJi^ 
and the chord ah^ in any of the conditions of the load 
supposed in relation to truss 7, and multiplying the length 
of each part by its maximum stress, the chord aJi^ gives a 
product 7 X5.83w=40,81w. 

For the arch we have 5.83to X {ao^ + oa' 4- nm^ )2 + 5.83m^, 
But ao=U12 (as determined by geometrical construction,) 
0^=1.05 and nm^=1.01, and substituting these values in 
the above expression, we have 5.83u' (1.25 + 1.104-1.02)2 
+ 5.83w,=45.13fr=the sum of the products of the lengths 
of the different portions of the arch, multiplied by the 
maximum thrust exerted by each respectively. 

XIY. In order to ascertain the maximum stre&s upon 

the diagonali and verticals, (the former acting by tension 

B2 
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and the latter by thrust, as in truss 7,) we commence by 
removing the weight from t. The pressure upon the 
support at A, then, will be diipinished by fir, and upon 
the support at a, by ^w, and the former becomes 3w — ^w 
= yw. The three forces acting at A, therefore, will be 

represented by -wt- /or the tension of gk, and - i^r— 

^ -^ 7 «^ ^ 7 t^ 

for the thrust of ih, ' . 

Then, taking iq on hi produced, by any scale, to 
represent the thrust ih, and drawing qr parallel with if, 
till it meets ik in r, it is obvious that the thi-ee forces acting 
at 1, viz, the thrust of ih and lA, and the tension of if, will 
be represented respectively by the sides of the triangle 
if Qt fi parallel respectively with the directions of those 
forces, and may be measured with scale and dividers, or 
calculated trigonometrically ; and it will be semi that the 
pressure upon the support h, enters as a factor in the 
expressions for all these forces. But this factor is 
manifestly the greatest possible in the <^se here supposed, 
except when the whole, or a part of the weight at i were 
restored, in which easo the part jf vmuld obviously be 
relieved of the whole, or a part of the stress it sustains 
when the whole weight at i is removed. Hence it follows, 
that the maximum stress on if, is when all the bearing 
points but i have their full load, and the point i is without 
load. 

Now, taking yi=g'r ai>d drawing «.^ parallel with gf, 
si will represent the horizontal, B,ndjlt the vertical effect of 
the action ofji / the latter effect being counteracted by 
the thrust of kj] and the former, in addition to the tension 
of fh, is resisted by thB tension of ef. Therefore, ft 
represents the greatest stress which kf can receive from 
ff alone. But it is also liable to the tension of If, which 
will act in conjunction with (/"when A; is loaded, and % and 
I are unloaded, in which case (/ will have less than its 
maximum action. It is foundf'^owever, by analysing the 
forces under various con^yRlions of the load, that the 
maximum action on kf, occurs when if ox fl, one or the 
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other, is under a ma^timam stress, and is nearly tke sane 

in both cases. 

XV. If I and k be unloaded, ^ 

the pressure on iho support at k, 

is equal to \^w, & the thrust of th 

lOw Xih 
= — — ; . Taking tq' by the 

scale to represent this quantity, ^ 
draw q'r^ parallel with t/J and qY, 
compared with the same scale, will 
give the stress of if, from which, 
as in the former case, we obtain^^' C^ 
•to represent the thrust of ^ Also 
iV represents the thrust of ki. 
Then, taking kv=tr', on i,k pro- 
duced, raising the vertical vx'=fV, 
and joining kx, the line kx will ^ 
represent the resultant of the 
forces kv and^', and a^, drawn 
parallel with ke, will represent the 
tension of ke, which is its maximum ^ 
strain. Also,, ky represents the 
thrust of kl, and taking tz=xy^ and 
drawing za^ parallel with ef^ we 
have to! to represent the maxi-Ca 
mum thrust of eh 

By a similar process, lenoving 
the weight from /, we obtain dV 
and dcf as the maximum action of 
dl and dm, and so of mc, ,nh, &c. ^ 

Or the analysis may be com- 
menced at a instead of h, varying 
the process as the tyro in dyna- 
mics will readily see the circum- 
stances to require ; the same re- 
sults will be obtained, except what may arise from 
inaccuracies of construction and meQA\rc^\A&\i\.. 
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The host plan, perhaps, is to commouco tbe analysis at 
both ends, and by the agreement or disagreement on 
meeting near the middle, a check will bo afforded against 
errors. This method will also prevent errors from 
accumulating to the same extent as when the analysis 
is pursued throughout the whole length in one direction. 

XVI. By this kind of analysis wo have the means of 
determining, to any necessary degree of accuracy, the 
stress upon every part of the truss under any given 
circumstances, whereby, knowing the strength of the 
material employed, the structure may be judiciously 
proportioned in all its parts. 

By careful geometrical construction and analysis, in the 
manner above explained, I obtain for the maximum strain 
of the diagonals as follows : Of bn and cm, 1,1 w, of J/, 
1.252^;, of ek, l,2w, and ofyi, l.05w ; and to obtain the 
products of these quantities multiplied by the lengths of 
the pieces, it will be sufficiently near, the pieces being 
nearly of the same lengths, to multiply the aggregate 
length by the mean maximum stress, which gives the 
aggregate product =15.07t£?. For the verticals I obtain 
3.70». 

Hence the products for the whole truss will stand, 

Exposed to Tension* 

Chord ah iO,Slw, 

Diagonals, 15,07w, 



Exposed to Tlnrastf 

Arch, (Art. 13) iS.lSw. 

Verticals, 3,70w, 



Total for truss 8, 48.83m;. 

Total for truss 7, ) , ^ , ^ 
(See Art. 11.) p-Uff!? 



Difference, 1.41t^. 



Total, 55.88m?. 

Total for truss 7, . . .48.00m?. 



Difference, 7.88m?. 



Shewing that a truss on the plan seen in Fig. 8, will 
require about 16 per cent more material to withstand 
tension, and nearly 3 percent more to withstand a crushing 
force, than one on the plan shewn in Fig 7. 

This is a legitimate mode of comparison generally, as 
regards those parts exposed to tension. But with respect 
to those exposed to a crushing force, it is only applicable 



21 

where, as in the present ease, the pieces exposed to that 
force may be nearly of the same diihensions. ~ Hence the 
comparison between trusses Figs. 7 and 8, is more fair and 
reliable, than between either of these and truss A. 

The verticals may be dispensed with in the arched 
truss, by disposing the diagonals so that they may act by 
thrust or tension, but I will not stop in this place to 
examine into the effects of that modification . 

XVII. We have hitherto had regard only to the forces 
and effects produced by the load, independently of the 
weight of the structure. For the effects of the latter, it 
is sufficient to regard this weight as included in to»w, &c., 
as far as it regards those parts that sustain their maximum 
stress when the load is uniform throughout. But the 
weight of the structure being constant, and not variable 
like that of the additional load, its effects are always the 
same, and confined to those parts which act under the 
uniform load. Hence, it is proper to calculate the effects 
of uniform weights, w'to'^ &c., one at each of the bearing 
points, where the weight of the structure may be regarded 
as concentrated. In this case, %& of coui^e, will be equal 
to the quotient of the whole weight of the structure 
divided by the number of bearing points+l, the 1 being 
added because the two end supports sustain directly a 
weight equal to that whieh acts at each of the bearing 
points Of M, nif &c. 

The effects of these weights, to'ti^, &c. on the parts affect- 
ed by them, added to the maximum effects of the variable 
weights w,%D, &c., as above determined, will give the whole 
stress to which the Various parts will be liable, and which 
they should be adequate to sustain, as regards truss 8 and 
truss A. 

A. There is another effect of the weight of the structure, 
as it respects truss 7, which should be taken into account 
in practice, though it doea not very essentially alter the 
result of this general comparison. 

The counter diagonak nhy'me, If^ and kgy {Fig. 7,| caa 
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adTtnUge in presenting the bearing points o^ n, m, Scc^ in 
the same horizontal plane, whereas truss 8 requires 
elevated supports for the road-way towards the ends. 

XX. If the line of transit be from a to A, the effects 
will be somewhat modified from what has been shewn 
above. In truss 7, transferring the weight from o to b, 
when nh does not act, will produce a tension upon ob 
equal to to. Therefore oh and ig will require to be so 
apportioned and connected as to sustain this force. At 
the points c, d, e, f^ the weights would be sustained by 
the diagonals, producing exactly the same stress as they 
produce when at n, m, &c., through the medium of the 
verticals. Therefore the latter would be relieved, each, 
of a weight equal to tr, without any additional sti*es8 on 
the other parts. Hence the transfer of the weights from 
the upper to the lower level, would have the effect to add 
2x0 to the products for tension, and diminish by ^w those 
for thrust ; an effect of no g^eat importance, but rather 
favorable as far as regards the truss alone. 

With respect to truss 8, it was seen (Art. 14) that tlie 
maximum thrust on each vertical, occurred when that 
vertical was loaded at the top, and since that thrust, in all 
cases was less than tr, it follows that a transfer of the 
weight to the bottom of the vertical piece, would destroy 
all the thrust, and convert the action to one of tension. — 
Still there is a case where the vertical sustains a thrust 
which is not destroyed by the weight as in the case just 
stated. When i and k [Fig. 8] are unloaded and the other 
bearing points loaded, we see that kf sustains a thrust 
represented by fVy which becomes the maximum when 
the load is at the bottom of the truss, and for truss 8 it 
varies from fibw to 50^7. This amount being still farther 
reduced by the weight of the road- way, becomes very 
small, and the same material necessary to support the 
tension, will, in general, be adequate to support the thrust, 
if so connected as to be able to resist by both tension and 
thrust ; for each vertical should possess strength sufficient 
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to sustain the whole weight applied at its lower extremity, 
since the diagonals are supposed to he only capahle' of 
sustaining the effects of inequality in the load. Therefore 
the transfer of the road-way from the top to the bottom 
of the truss, would have the effect to diminish the 
representative products for material exposed to thrust by 
3J7w (=the amount due to the verticals,) and increase 
those for tension by w X the aggregate length of verticals, 
which for the truss under consideration is equal to 4J2to, 
a change so trifling as not essentially to vary the results 
of the former comparisons. 

It is proper to remark, that, strictly speaking, the whole 
of £ho weight of the structure can not bo regarded as 
applied either at o, n, nit &c, or b, c, d, &c. But the 
more considerable part of it being whore the road-way 
is placed, I have considered it sufficient for my present 
purpose, to regard it all as concentrated in the main 
transverse beams or bearers, whether at o, n, m, &c. or at 
h, c, d, &c. . 

XXI. To pursue the comparison between truss 7 and 
8, when the road-way is at the bottom, and the trusses are 
not sufficiently high to admit of being tied and secured 
across the top, the cancelled truss being higher (except 
in the middle) is somewhat more top-heavy, and may be 
more liable to yield laterally, though this cannot amount 
to a serious disadvantage. * 

The arched truss, moreover, may, by some, be thought 
to have a more graceful and agreeable appearance than 
the cancelled truss. I will not take upon myself to decide 
on this pointy except by remarking, that, to a person who 
comprehends the principles and properties of different 
kinds of structures, in a case where strength is the g^and 
desideratum, that plan of structure which secures this in 
the greatest degree, with the least amount of material and 
expense, will generally excite the most pleasing sensations 
in the mind. 

C 



XXII. Affain, m 'cases where fihe tnuHT is ftuflfciently 
high to admit of being secured and braced laterally at ^- 

the top, the cancelled truss is better suited to such an 

arrangement than the arched truss, which, thouglr high ^. 

** enough in the middle, will not admit of the lateral securlt j 

being extended towards the ends without parts extending 

■Tabove the arch expressly fer that purpose. 

^IXIII. On the whole, it would seem that the- reladvj^ 
cost o£ trusses upon the plans shewn in Fig. 7 and 8, 
would be neai^ly proportioned to the amoapt of material ^ 
» in each respectively. Hence I conclude, .that though for 
bridges of moderate length, particularly eoipjnon' road ^ 
bridges, and others where the road-way passes 'near the 
lower part of the truss, the avched trass may ])e preferable^ 
still, as a general rule, tho cancelled tfues, a^ shewn in 
Fig« 7f .mo^ b^ constructed to sustain a , given weightp 
throu^. aHl the changes t<%r'^iik the load Of a bridge ia ^ 
usually liable^^ith from five to ten per cent less ^xp^nse • 
than the iarched truss, and should be pr^erred for long -4 t 
spans, especially for rail-roads, and where the track passes 
over the top. , 

With regard to truss A., as compared with truss 7, the .. 
former manifestly h^s aome 8 per cent the advantage iu 
all cases where the diagonals act by thrQ^> but otherwise .^ 
the advantage will^be counteracted, mostly, by the greater 
length of some of the jparts acting by thrust^u trus's A. 

XXIV. But thou^ I say, judging from the above 
examinations'and ccunparisons, such results and advantage^ 
in the use of the eancelled truss, may be obtained, I am 
nevertheless constrained to say, that, thongh the ipeneral " 
plans and principles of this truss have been extensively 
used in bridge building, still, for reasons which I will not^ 
in this place, undertake to explain, the principles have 
never, (to my knowledge or belief,) been applied with 
that skill and pconomy in the proportions of the different 
parts of the structure, which are necssary to vecure the 
advantages above pointed out. as practicable. 
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For instaiite, tbe bridges built on tbd plans generally 
: known a& Howe's & Long's plans, are essentially th^ 

sama in their general features/ as 1 have shewn in Fig 7. 

^BuC instead, of being built with each part proportioned to 

tha maximum stress to which it is liable, the upper and 

lower ribs or stringei'S have been of the same jdimensions 

throughout, or nearly so ; whereas, the stress varies, as 

above shewn, some 50 per cent or one-half. The verticals 

and diagonals hare been made nearly of the same size 

throughout. Or increased towards the ends to a £ar less 

•degree than the comparative stress to whtch they are 

subjected in those places, demands. 

■ Now let us suppose the truss Fig. 7 so constructed that 

pvery piece* or portion in each class; be of sufficient size 

Id .withstand the maximum stressTor any of the parts of 

those classes respectively, and the upper rib extending to 

, ' the same len^h as the lotver^ and the pi*oducts'tdfen for 

eacb po^oR into the maximum stress lt>r the ^class to 

which it belongs. We should have 
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Products for Tension, 

Bottom Rib ^2,0w 

Six main Diagonals. .. 25.72£; 
Six coiinter do. ^ size, 12.82^ 



Proflv^cts for Tltrust, 

Top Rib,. . , . . •r.e X 7=42.w 

/Two end Diagonals,*- .12. ^^? 

Verticals, nearly 13.io 

Total, 67.M?1 Tutal, 80.5^^? 

Or, supposing the diagonals to aot by thrust and the 
verticals by tension, (Howe's plaii|^ it will stand, 

For T|Lrust, | Far Tepsion, . 

Bottom Rib, „.■... 42.w 

Six Verticals, nearly ...IS.to 

Total, 55.W 



Top Rib ^2.w 

Eight main Diagonals, 48.tt? 

Six Counter braces, ) i q -^ 
half size, J 



Total, 108.W 

Corresponding amounts, if proportio^ied according to 
the stress upon each part, (diagonals acting by thrust,) 
For Tlurust, ^ For Tension, 



Tpb Rib,\ 22w 

Diagonals - .'. .8220 

Total, .5410 



Bottom Rib, . . .' 24^ 

Verticals, I8ig 

Tox^, '^'^•«* 
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Only one-half as much material exposed to thrust, and 
a trifle more than three-fourths as much exposed to 
tension. This difference is still greater where the length 
of the truss has a greater ratio to the height. 

The result here shewn is obtained on the suppo- 
sition that the cross section of each piece may be reduced 
in the same ratio as the stress, whether it act by thrust or 
tension. With respect to the portion sustaining tension, 
this is essentially true. But a piece exposed to a crushiAg 
force in the direction of its length, requires that its length 
should not exceed a certain ratio to its diameter, in order 
that it may sustain a maximum. But in practice, the 
ratio of the length to the diameter is usually much 
greater than that which gives the greatest power of 
resistance. It follows, then, that in pieces of the same 
length, the power of resistance diminishes considerably 
faster than the cross section. Consequently the amount 
of saving indicated above, could not all be made available 
with regard to the parts acting by thrust, though a large 
portion of it might. 

XXV. Having established the great excellence of the can- 
colled truss, on the plans shewn in Fig. 7 and Fig. A., for 
sustaining the weight of bridges & their loads, and pointed 
out the proportions which should subsist between its sev- 
eral parts when the general dimensions and proportions 
are given, it is proper to endeavor to ascertain the most 
economical proportion between the height and length of 
the truss, and the most advantageous angle, or inclination 
of ihe diagonals. 

The office of the diagonal is, to serve as a medium 
through which the resistance of the abutmfent is made to 
sustain the weight of bodies not situated over the point of 
support ; as where ac and he are made the media through 
which the weight of the body w is transmitted to, and 
sustained by the two supports a and J, [Fig 9,] situated at 
certain equal distances on opposite sides of the vertical 
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passing through w. Now the minimum amount of mate- 
rial required to sustain the weight with a given stress 
proportioned to the cross section, is when a c & is a right 
angle. To demonstrate this, join m 

ab, and draw the perpendicular xT P. 
cd. Then, the thrust on ac and 
be each, is to ^ w, as the line ac 
(or be) is to ed, that is, equal to 

oc 
iw — , making^=crf. Butmaking 

P 

ad=hf ae^y/ {h^ +P') and ^w — =Juj — ^— ' and this 

P P 

multiplied hy ae (or V(h^+p*,) is proportional to the 
amount of material required to sustain the weight to, upon 
the supposition ahove laid down, being the stress multi- 
plied by the length of the piece. Therefore, when p has 

such a value that the product Jw -^ i--- X V(h' +/'*) = 

iw ( — +i'») is a minimum, the least possible amount of 
material will support the weight. 

Then, differentiating the function — +p in which p is 

P 
the variable, and deducing the value of p when the differ- 
ential =0 we obtain ^=^, and consequently aeb is a right 
angle, and ae and cb each incline 45° to the horizon. 

XXVI. A. But a more important problem is, having 
the length and height of the truss given, to determine 
the horizontal reach of the diagonal which will give the 
greatest degree of economy. 

This will present two cases, according as the diagonals 
act by tension or thrust. We will first consider them as 
acting by tension. 

Now, the greatest economy in the use of a given amount 

of material in a diagonal acting by tension, is, manifestly, 

when the weight it can sustain, multiplied by the horizon- 
tal reach, gives the greatest product. TbAft xda.^ \^^ ^<^^^ 

C2 



\» 



so 

the capacity of the material, and of course, will be 
directly as the cross section and the horizontal reacb, 
and inversely as the rate of strain. 

Then, if we make p=the height, and A=the horizontal 
reach, \/(A*+jp*) will be equal to the length of the diag- 
onal, and the amount of material being given, the crosB 

section will be as —rr; — ; — Tv • Moreover, the rate of strain 

will be, manifestly, as — ^ ^or {p being constant,) 

P 

as y/(h*+p^) 

Hence we have the capacity as ^v "^\/(^'+P*) 

or as - — r-T-, and that value of h which gives the 

( h^ -f-p* ) 

maximum value of this expression, is the most advanta- 
geous. This is found to be when 7i=p, as in the case 
above. 

Therefore this is the most economical position for the 
diagonals in all cases where they act by tension, as far as 
depends on those pieces alone. 

XXVI. B. For the case of diagonals acting by thrust, 
the use of the diagonal or brace, being to can'y or transfer 
the vertical action of certain weights towards the ends of 
the truss from the intermediate points, and the amount of 
weights sustained by each diagonal being, in general,' 
proportioned to the distance of its upper end from the 
centre of the truss, it is obvious that the weight sustained 
by the brace is essentially the same, according to its dis- 
tance from the centre, whatever be the number and incli- 
nation of the braces. The economy, then, in the use of 
material for braces, or diagonals acting by thrust, is 
directly as the horizontal reach of the brace (which deter- 
mines the number,) and inversely as the amount of mate- 
rial in each brace, necessary to sustain the given weight. 

Now the amount of material (m) is directly as the act- 
ing force or stress, and inversely as the power of reals- 
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tance, {r.) But the stress is as the length of the brace, 
(being equal to the weight sustained, multiplied by the 
length of brace and divided by the height (p) of the 
truss,) and the power of resistance is as the cube of the 
diameter [d] divided by the square of the length, that is, 

as • * 

If we take then, d' to denote the diameter of the brace 
when A=0, r becomes r', and is as ~ , and since the power 

of resistance [r] should be as the stress produced by the 

weight, we have the following proportion : 

d'? d^ 
p: V(A^ +p»).. ..-,.. -^_ 

prf' d'^^(h^+p^) , 
Whence we have ,\, . = ^— .and p^d^ = 

d'3(A^+jp2)J. Extracting the cube root of the last equa- 
tion it becomes pd=d' \/ (h^ -{- p^ j) whence d' : d : : p : 
v/(^*+jp2). Therefore the diameter should be propor- 
tioned to the length of the brace, and the quantity of 
material as the cube of the length. 

Hence, the greatest economy is when the horizontal 
reach, or the base of the triangle, divided by the cube of 
the hypothenuse, gives the greatest quotient, ?.e, when 

.-7—-; n is at the maximum. 

(A»+i>=>)| 

This is found to occur when k =,75p very nearly. It is 
also found by computation, that if h be made equal top 
and ip successively, the economy would be about 9 per 
cent less than wh^n h=-^p^ being about the same in both 
cases. 

Therefore, other things the same, it is the best economy 
to place the diagonals acting by thrust, so that the hori- 
zontal reach shall equal f of the perpendicular; but con- 
siderable deviations may be made from the rule, when 
required by other considerations, without essential detri- 
«ient to econdi^y in the diagonals. 

* This formula is oot AiUy soitaiDed by ezperiuMnt, bat ia,.p«rhftps, jiiiffidmit for ib* 
preaent invertigation. 
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It is now proper to ascertain the comparative effects of 
different positions of the diagonal upon the horizontal 
parts, and verticals when employed. For that purpose, 
take two trusses, [Fig. 10 and 11 J of the same height and 
length, hut in which the diagonals have different inclina- 
tions ; and for simplicity, let trass 11 have twice as many 

110. e 
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diagonals as 10 Now it is manifest that a given weight 

w, on the centre of these trusses, will produce a vertical 

pressure=^zo upon each of the supporting points a and 3, 

ddt 
and a horizontal action upon aa, equal to \w —^ also that 

». Bob 

each diagonal from a to t&, will exert the same horizontal 
action, the wholis^ amount of which will be sustained hy 
the different portions of the top and bottom ribs, \}ak 
action of which will be increased towards the centre 

where it will become equal to \w—^n^ji being the r um- 
ber of diagonals affected by w between a and w. 

But the length of the truss beiug the same, n is 

af 
{aversely as the length of ad^ or equal to— , and substi- 

lutiag this value for «, we have iw -r- X -^=iw-A ^or the 

td aoL ed 

stress, in the centre of the horizontal parts, produced by 
the weight no; an expression from which ad has been 
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eliminated, and consequently the distance ad has no efTect 
upon the stress of the horizontal parts in the centre, and 
by the same reasoning it is shewn that the same is true in 
relation to g/ny other part of the horizontals, except in 
case of Fig. 11, the increments are added at shorter 
intervals, and in proportionally smaller quantities, from 
the end towards the centre. Hence, in general, there is 
no difference in the stress of the horizontal parts, whether 
the diagonals have one inclination or another. 

With regard to the verticals, that part of their stress 
which they receive from the diagonals, is equal to the ver- 
tical action of those diagonals, apd is the same fur a given 
weight, whatever be their inclination. On the vertical 
wf, the pressure is received directly from the weight. 
But on the next adjacent vertical, on either side, one-half 
the same pressure is received through the intervening 
diagonal, and transmitted to the next, and so on to the end. 
Consequently, the aggregate action of the verticals pro- 
duced by the weight «?, is equal to w-^^wn, taking n for 
the number of verticals receiving theii" strain tkrough the 
medium of the diagonals, and which is equal to the 
whole number less 3 when the number is odd, and the 
verticals act by thrust, as in Fig. 10 and 11. 

Hence, the aggregate stress of verticals increases and 

diminishes with their number; and econ|Bny as regards 

thi^e parts, would titquire the diagonals to be inclined to 

a less angle with the horizon than that required by econ- 

^omy as regards diagonals. 

We have seen, however, (Art. 26 B.) that-by placing 
the diagonals at 45° when they act by thrust, we lose 
about 9 per cent in the economy pf those parts, and we 
now see that such an arrangement increases the economy 
on verticals to a considerable extent by diminishing their 
number, the actual amount depending on the number, and 
therefore not deducible by a general rule. 

It will, however, be a near approximation to the truth 
to assume, that by inclining the diagonals at 45% the lo**^ 
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on diagonals will be rery nearly compensated by the gain 
on verticals ; hence this would seem to be about the most 
advantageous arrangement for diagonals tLcting by thrust, 
in combination with verticals acting by tension. 

In case of diagonal ties and vertical struts, a trifling 
saving of material could be effected by increasing the 
horizontal reach of the diagonal hsyond an equality with 
the perpendicular, but scarcely su^cientfo compensate 
fSr the sacrifice in the simplicity of fignre, unless other 
considerations conspire to favor such a departure from 
simplicity. 

XXIX. Nextly, as to the proper height to be given to 

the truss, we have seen, [Alt. 27,] that the horizontal thrust 

produced by the weight w in tlie centre of the truss, is 

cif . . . * 

equal to J^?— r, that is, directly as the length- and inversely 

as the height of thi trus*. Now this being also true with 
respect to all other positions "of the weight, it follows that 
the horizontal parts have their powers of sustaining the 
action of the weights, increased directly as the height. 

With regard to the other parts, those wlHch act by ten- 
sion, remain the saaie in amount, for though increased in 
length, they are diminished in number in the same ratio, 
other things the same, as far €6 it respects the diagonals, 
and the stress of the verticals received through the 
medium of the diagonals. For illustration the weight ^ti?, 
[Fig. 12,] will require the same length of diagonals, and 
the same stress upon them, to transmit its pressure from 
w to a and i, whether it be done through the parts w, c, g^ 
ht if a, or w, c, h', a, and so of the half transmitted to b. 
Also the same length and stress of verticals. But these, 
acting by thrust when the diagonals act by tension, have 
their power of resistance diminished with increase of 
length, and consequently will require an increase of cross 
section, such that the cube of the diameter may have a 
constant ratio to the square of the length.* If the length 

* See Note foot of page 31. 
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be multiplied by a, the diameter must be multiplied by 
a|» and the crojss section by a|, a factor greater tban a. 

Moreover, thiit part of the stress^ produced by the 
weight directly upon the vertical, amounting to about i 
the • aggregate maximum stress, manifestly requires an 
increase in the 
cube of the diani:^ 
eter proportiqnal 
to the increase io 
the square of the 
len^h, with an ad- 
dition for increase 
of weight sus'ain- w 
ed proportioned to 
the diminution of number. Therefore if the height of truss 
be multiplied by a, the diameter must be multiplied by a| 
which requires the amount of material to be multiplied 
by (a|)" Xa=aJ, a factor greater than the square of a* 

Hence, since the verticals, when they act by thrust, 
require an increase of material greater than the simple 
increase of the height, for one-half, and greater than the 
increase in the square of the height for the other half, we 
may fairly assume an average increase for those parts, 
about as the increase in the square of the height of the 
truss. 

It will be seen, moreover, that the diagonals at the ends 
always act by thrust, and that their aggregate thrust is 
equal to the whole weight of load and structure, divided 
by the natural sine of the angle those parts make with 
the horizon, and when they incline at 45° the above naned 
sine=l-f- >/2. Hence the thrust of the parts in question = 
the whole weight multiplied by y/2. Therefore, the 
height being multiplied by a, the amount of material in the 
endmost braces, will be multiplied by a^, besides what is 
compensated by the increased horizontal reach. It will, 
therefore, probably, not be too much to assume, both for 
verticalsand diagonals throughout, an increase in weight 
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and cost, iu the ratio of the increase in height, especially, 
taking into account the additional lateral support the high 
trusses will require, 

Xlpon this assumption, since the horizontal parts dimin- 
iah with increase of height, and the verticals and diago- 
nals increase in expense in the same ratio to their respec- 
tive amounts, the .minimum expense of material would 
OQCur when the height were such that the horizontal pazts 
be equal to all the others. 

But in Art. 12, we found that for truss 7, in which the 

height is equal to | the length, the representative quanti-^ 

ties for horizontals were to those of the other parts, about 

as 56 to 40 or as 7 to 5. Therefore if we add ^ to the 

r^; height, it becomes T^+^^=j^ of the length. Then dimin- 

^ uhing the horizontals by } we have 56 — y =46|, and in- 

.,«yeasing the other parts by } we have 404-y =46|.-.-. 

Hence it would seem that the height should be } of the 

.■ length. 

XXX. This, of course, is not given as a rigorously 
demonstrated point, A formula might be deduced, per- 
* haj>s, by a more elaborate process, which, when compre- 

hended, would be more satisfactory. But to introduce all 
the considerations by which the question is affected, would 
render any formulas upon the subject necessarily very * 
complicated, and of comparatively little value in practice. 
There are considerations which go to render it quite im- , 
probable, that any simple ratio of' the height to the length 
would be applicable with advantage in all circumstances. 
In ^aort spans, where great strength is required, it 
■ ♦: wouM often be found advantageous to carry the height to 
\ the length, a proportion almost impracticable, and cer- 
^ tainly not advisable, in long spans, from the fact that they 

would become top-heavy, be more affected by wind, and 
other lateral influences and tendencies. 

Again, in stretches of moderate length, where less 
strength is required, a less height, even as low as j~ or ,-^j, 
the length, might be preferable, as having a better appear- 
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ance, oJlexing lesd obstruction to the prospect. Sec. But 
for a structure of great strength, a height never less than 
I \luA seldom less than | of the length, can be adopted 
without sacrifice of economy. 

Another consideration to be taken into account in fixing 
tho height of the truss is, the distance between bearing 
points. la trusses of single cancels, or where the diago- 
nal! cross but once, the height must be equal to the 
distance between bearing points, or the diagonals must 
crosfl at oblique angles, which we have seen is Unfavorable 
to economy in thdse parts, except that when they act by 
tension they may slightly approach the horizontal, and 
when by thrust, the perpendicular, without diaadvantage. 
But if the bearing points be too far apart, it will requii*e 
very heavy joists and longitudinal timbers in the road-way, 
besides that the top rib will require a greater cross sec- .r 
tion, being composed of longer pieces. 

All these points and considerations will tax the skill 
and judgment of the engineer to adjust them properly in 
various circumstances, and I do not propose entirely to 
supersede his labor, nor lyill the limits I propose to my- 
self in this essay, allow m^ (o pursue this branch of the 
subject further. 

XXXI. ■ I have alluded to the plan of sustaining the 
horizontal thrust of bridges by the abutments, &c. It 
would seem that this might be done to a very great saving 
of material. But^ when a bridge is loaded with a full 
load for one-half of its length only, the abutment nearest 
to the loaded half sustains about f of the load, and the 
other only ^, and the thrust at the two endi^ is in the ssime 
proportion, as it regards trusses on the plans shewn in 
Fig. 7, 8, and A. Now the abutments can only sustain 
equal horizontal action from the structure, as they only 
act and re-act upon one another through the medium of 
the structure. Therefore the difference of thrust, amount- 
ing to nearly one-half the maximum, must be. counteracted 
VTithin the superstructure itself. Hence, but little more 

D 
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than half the thrast due to the maximum load can be 
Bustained by the abutment. 

Add to this consideration, that of the practical difficulty 
of making the abutment act in conjunction with the 
means provided within the superstructure, so that the 
latter may not at any time be subjected to a strain they 
are inadequate to bear, and the apparent advantage of 
relying on abutments to sustain thrust, is reduced to a 
small iMtnount^ if not entirely annihilated. 

The principle, however, may be made available for 
bridges of light burthens, and for others, some assistance 
may be derived by bracing from the abutments. But in 
gc^neral, for the stronger class of bridges, as rail-road 
bridges, &c., it appears proper to adopt the principle, 
that the superstructure should be self-sustaining, only 
requiring a direct support for its own weight and that of 
its load, acting by vertical pressure, from the abutments 
and piers. 

XXXIL . There is a plan, however, as we have already 
seen, in which every part of the weight, wherever situ- 
ated, produces the same thinist at both ends. This is 
where each bearing point inas an independent pair of 
braces extending from it, one to each abutment, as shewn 
in Artiole 11, Fig. 6. The objections to that plan are, that 
the amount of thrust is about one-third greater than on 
other plans, and the great length of a part of the braces ; 
faults which very much impaii;,' if not entirely destroy 
the value of the plan ; at any rate, it is only applicable to 
short spans. 

XXX m . Having decided upon the most suitable 
forms and proportions for bridge trusses, I will say a few 
words in regard to the material best adapted to the pur- 
poses of bridge building. We have seen that the materials 
in a bridge truss, are principally subjected to two kinds of 
action, that of tension and that of thrust. The lateral action 
should always be avoided in the main parts of the truss. 
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It is obvious then, that those materials best calculated to 
resist these kinds of force respectively, li&Quld; when 
practicable, without the sacrifice of ecofibmy, be em- 
ployed in the situations where those forces are respect- 
ively exerted. 

For instance, when the diagonals act by tension, the 
top rib, (or the arch, in case of the arched truss,) and the 
verticals, should be composed of the material best adapted 
to sustaining a crushing force, while the lower rib or 
stringer, and the diagonals, should be of the best mate, 
lial for supporting tensi<]||i. 

Wood and iron, as before remiBtrked, are the only mate- ' 
rials that have been employed in bridge building, (I refet 
only to the superstructures,) to an extent worthy of notice, 
and it seems reasonable to conclude, that on these, we 
must place our dependence. 

Cast iron will resist a greater crushing force than any 
other substance, whose cost will admit of its being used 
as a building material. Steel has a greater power of 
resistance, but its cost precludes its use as a material for 
building. Wrought iron resists nearly equally with cast 
iron; but its cost is twice as great, which gives the c^t 
iron entirely the advantage. On the other hand, wroughf 
iron resists a tensile force nearly four times as well as east 
iron, and 12 or 15 times as well as wood, bulk for bulk. 

Not only are these the strongest materials, but they are 
also the most durable. In fact, with proper precautions, 
they may be regarded as imperishable. 

It would seem, then, that wrought iron for tension, and 
cast iron for thrust, were the hest materials that could be 
employed for building bridges. But wood, though greatly 
inferior in strength and durability, is much cheaper' and 
lighter, so that making up with quantity for its want of 
strength, and by frequent renewals for its want of dura- 
bility, it has hitherto been almost universally used in this 
country for bridge b.uilding, and in the scarcity of means, 
and the unsettled state of things in a new country, where 
improvements are necessarily, to a great eiLt^tA.^ ^1 <^\»Q^r 
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poraty character, this is undoubtedly the most economical 

material for the purpose. 
But it is belicTed that the state of things has now 

assumed that degree of settled permanency inmany parts 
' of this country, and available means have accumulated to 

that extent which* renders it consistent with true economy 

to give a character of greater permanence to o)irimprove- 

mentSi and in the erection of important works, to have 
* more reference to durability, even at the coiBt of a greater 

present outlay ; and in this view of ^e subjc^ct, it seems 

highly probable that one of the channels' in . which this 
■ tendency of things will develope itself, will be in the 

extensive employment of iron in the construction of im- 
■p portant bridges. With this impression, I pifoceed to some 

general comparisons as to the relattre cost and economy 

of wood and iron as mat^'ials for bridges. 

XXXIV. Cast iron resists a crushing force some 20 
times as much as yrood, consequently it will Mly require* 
^ as much of the former to resist a given force, provided it 
can be put into a form in which its liability to flexmre and 
yielding laterally, is not greater than that of wood. This 
can be accomplished, in p&rt, by giving the iron a hollow 
form, so as to make the diameter of the pieces approxi- 
mate to an equality with tv^enty times the same amount of 
wood, which must generally be used in a simple rectang- 
ular or cylindrical form. 

Assuming, then, that a cubic foot of cast iron, will do 
the same work as 15 cubic feet of wood, (after making 
all6wance for thenecesi^arily smaller diameter of the iron) 
we can institute a comparison which would seem, upon 
the i^rface,*to shew the relative economy of the two man 
terials. "* ". ^ 

, A cubic fo<)t of cast iron, manufactured ftr the work, 
^ will cost about $13,00. 15 cubic feet of wood in a bridge 
^11 cost, say 1(6,00. Whence it appears that the cast iron 
is more th«n twice a^ expensive, in the first outlay^ for 
sust^limg a crashing force, afi weed. 






3tk . ■^. 
■..1 

> 




41 

AgatD, a cubic foot of wrought iron in the wovk, sa^ 
450 lbs. at 7} cts., — 934. 

Wood is about one-fifteenth as strong as iron. But about 
one-lialf of its fibres must be. separated, in order that the 
other half may be so connected in the structure as to be 
available to their full strength by tension. Hence, it will 
take some -30 feet to equal one of iron ; for which, say it 
will cost $12 ; shewing a difference of a little less than 
three to one ; the average for both kinds of iron, reckoning 
equal quantities of each, beiog about 2.6 to 1. 

To offset against thiS|, we have the superior durability of 
the iron, which, as before observed, may be regarded as 
per-durable, whereas wood requires frequent renewals, at 
a cost each tinie equal to the first outlay. Now the first 
cost of iron is sufficient to provide for the first cost of the 
wood, and nearly two renewals. Besides this, money, 
though an. inanimate substance, is nevertheless, in these 
u9urious time^, made to be exceedingly prolific ; insomuch ^ 
that with good husbandry, it is found to double itself once 
in ten or twelve years, according to the hard face of the 
lender, and the hard foitune of the borrower. 

Assuming 5 per cent per annum as the net income of 
money invested, the teim of time in which the 1 j^ dol- 
lars saved in the wooden structure, will require to produce 
one dollar f0v renewal, will shew the time that wood 
ought to la[st, to be equal to iron in economy. lyW dollarii 
at compound interest, will yield at ^ per cent, one dyllar 
in a little less than ten years. -^ ' 

Therefore, if ap imperishable iron stnicture cost 2.G 
timues as much as one of wood, v^d the latter last but ten 
years, and money] will jiet 5 per cent compotind interest, 
the two materials ate nearly cui ft. par asT to economy* 

Now e^qperiience has shewn diat woodeii* bridges, un- « 
protected by roofing ataTd aiding, aeldo^ last with safety, 
over eight years, or tkereab^i^ts ; and the BMre there be 
expended to increase die dufabiUty» ^ less titfrplui^ capi- . 

• ■ - ■ . » 4" - . ■ 
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tal will be left to invest towards rehewals. Hence llie 
iron would seem to have the advantaofe. 

■^XXY, But the above comparison is too superficial 
and general to be entitled to a great deal of confidence^ 
except, perhaps, as it regards the sustaining of a given 

^ weight by a simple post, or suspending it by a bar or rod 
of iron or wood. In the complicated assemblage of pieces 

* forming the superstructure of a bridge, there are numer- 
ous other facts and considerations which materially vary 
the results. First, there is a difficulty in connecting pieces 
of timber in such a manner that every part may be pro- 
portioned to the strength required of it, to the same 
extent as can be done with iron. Second, it is frequently 

• necessary to use considerable quantities of iron in bolts 
and fastenings, for putting together a structure of wood 
requiring great stability. Third, wood soon looses a por- 
tion of its strength by partial decay, and consequently 
requires additional strength in the beginning, that it may 
be safe for a time after decay has commenced. 

Hence, but little can be predicated upon the simple gen- 
eral comparison of wood and iron as to strength and cost, 
relative to the comparative economy of the two materials 
for bridge building. 

It is only by comparing the results of actual expe- 
rience, or, where this has not been had, by comparing 

,the results of detailed estimates, upon well matured plans, 
founded on well established principles, that a satisfactory 
conclusion can be amved at. 

With regard to wooden bridges, much experience has 
been had, and the reasonable presumption is, that a good 
degree of economy has been attained in their construc- 
tion. But the idea of building iron bridges in this country 
is of recent date, and but little has been experimen- 
tally proved in relatioh to their cost and qualities. 

XXXVI, This much, however, my own experience 
has demonstrated. Having received Letters Patent for 
an " Iron Trussed Bridge " upon the general plan of the 

arched trus^ abewn in Fig. 8, and conslimcted two bridges 
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thereon, over the enlarged Erie canal, (72 and 80 feet 
span,) one of which has been in use for six years, it may 
be regarded as a demonstrated fact, that bridges may bo 
sustained by iron trusses. Also, that the cost, for the 
above class of bridges, is only about 25 per cent more 
than the same class of bridges of wood, as heretofore built, 
under the most favorable circumstances, on the Erie Canal. 
That the iron portion, constituting some f of the whole * 
as regards expense, in the iron bridge, gives fair promise \ 
of enduring for ages, while the wooden structure can only 
be relied on to last 8 or 10 years. 
V Upon these facts experimentally established, I found 

the following comparison: 

A common road bridge of 72 feet span, (the usual r 
X length for the enlarged Erie Canal,) will cost, with iron 

^ trusses, 

7000 lbs. of cast iron — 3 cts., .$ 210 

6000 wrought do, manufactured for the 

V work, at 7 cts., 420 

Timber labor and painting, 230 

Superintendence and profit, 80 

^ Whole first cost, *- $ 940 

$175 will renew the perishable part once 
in 9 years, to produce which, at 5 per 
cent, will require a capital of. .- 320 
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Total for a pferpetual maintenance, $1260 

With wooden trusses fastened with iron, 

Timber, labor, paint and profit, 9 650 

2000 lbs. of iron fastenings, 150 

Whole first cost i 700 

(Some have cost $1000 or $1200, and 

taken 3 to 4000 lbs. of iron.) 
To renew $550 worth of perishable mate- 
rial, once in 9 years at 5 per cent, 
compound interest, will require. . - • • 1000 
Total for perpetual maiutQTi^.xvce> - .VTX^^ 
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. ShewiQg a clear ultimate saving of $440, in favor of 
the iron structure. 

The reason of the apparent difference between this re- 
sult and that amved at (Art. 34) from the general compari- 
son of the cost, &c.^ of wood and iron, is, that the bridges 
here referred to, have been constructed with a very large 
amount of iron fastenings, and with large quantities of 
casing and painting for protection and appearance.-^ 
Were the comparison cotifined strictly to the expense of 
timber work in the sustaining parts of the trusses, the 
result would be found not to differ so essentially from 
^hat of the general comparison. 

The above estimate of $700 for the first cost of a 72 ft. 
wopden bridge, though considerably below the average 
cost of canal bridges of that decription, is nevertheless 
believed to be greatly above the minimum for which 
bridges may b^ built, dispensing with parts which are not 
essential to strength. It is probable that bridges may be 
• built for $500, as about the minimum, of equal strength 
and convenience, and nearly the same durability as those 
hitherto built upon the Erie Canal Enlargement at a cost 
from IgOO to $1000. Upon this supposition, which may 
be regarded as an extreme case in favor of wood, the 
comparison will stand tib^s : 

First ccmt of wooden structure, $ 500 

Capital invested at 5 per cent to produce 

$500 once in 9 years for renew^, 909 

Total for perpetual maintenance, $1409 

The same foi^iron structure, as above,.. . . 1260 
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Balance in favor of the iron bridge, $ 149 

Finally since theoretical calculation and general com- 
parison shew a probable advantage, for a long term of 
time, and experience, as far as it has gone, shows a decided 
advantage in favor of iron, it would seem very unwise to 
discard the latter, without, at least, a fair trial of its mer- 
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its. If in the first essiiys at iron bridge building, the irod 
bridge has cpny>eted so successfully with wooden bridges^ 
improved by the experience :<>f ages, may not the most 
satisfactory results be anticipated^from an equal degree of 
experience in the construction and use of iron bridges 1 

XXXVII. Presuming the affirmative to be the only 
rational answer to the above question, I h&ve arranged 
the details of plans for carrying into practice the preced- 
ing principles and suggestions in the construction of rait* 
road bridges of iron. 

I have also made careful detailed estimates of the 
expense of bridges of different dimensions and in differ-* 
ent circumstances, some of the more general results of 
which I will here state. 

In proportioning the parts of a rail-road bridge, I have 
assumed that it may be exposed to a load of 2000 lbs. per 
foot run, for the whole or any part of its length, in addi*. 
tion to its own weight, and in case of tension, have allowed 
one square inch cross section of wrought iron for every 
10,000 lbs. of the maximum strain produced upon every 
part by such weights, acting by dead pressure. In case 
of thrust, or crushing force, I have allowed one square 
inch cross section of cast iron for every 12,000 lbs., acting 
on pieces, (mostly in the form of hollow cylinders,) of a 
length equal to 18 diametei's, and a greater amount of ma- 
terial, where the ratio of the length to the diameter is 
greater ; always having regard to practicability, as well as 
theoretical proportions, in adjusting the dimensions of the 
parts. 

My estimates made upon these bases have fully satisfied 
me, that a bridge of 100 feet span, with the track sustained 
upon the top, will cost about $2000, or $20 per foot, assu- 
ming the present pieces of iron, (1846) in ordinary cir- 
cumstances. If the track pe^ss near the bottom of the 
trusses, the expense will be increased two or three dollars 
a foot. 

For a span of 140 feet, by a liberal detailed estimate. 
I make, ip round numbers, a coat of ^\^^^, ^^x^^ %^<8Xx 
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I rnaJc^ by actual estimate, and liberal allowances for 
' contingencies, a cost from 900 to $1000, according to cir- 
cumstances. 

Thus it^will be seen, that actual estimate makes the cost 
<sf a single stretch of any length, very nearly "as the 
square of the length, as should be expected from the 
nature of the case. 

H$i)^'9e, knowing the c&st of a span of ai^ giveti length, 
i^e rfeadily deduce that of a span of any other length, in 
, simHar ciixumstances, with reliable certainty. 

These estimates "of cost provide for superstructures 
entirely of iron, except th^ string timbers to support the 
ifon rail. By the substitution of wooden cross bearers, a 
considerable saving may sometimes be effected with- 
out incurring serious incoflvenieilces. 

•T': Bui th3ugh my investigations have forced upon me the 
conviction, that in general, where strong an4 durable 
bridges are required, iron should be preferred in their 
construction, still, there is a multitude of cases where 
wooden structures should be preferred, especially iff sec- 
tions of country comparatively new, wber^^iniber is 
plenty and capital scarce ; and where improvements must 
necessarily be of a more temporary character. With this 
view of the subject, I have giv^n^rijkuclt attention to the 
details 4iS wooden bridges, and with a good deal of investi- 
gation and experiment, have arranged plans wkich are 
confidently believed to possess important advantages over 

the plans generally in tise. ~ ' 

•• • .« 

1 may^ therefore be excused the expression of a belief, 
that I might be able to render valuable services to those 
interested in the construction of important bridges, gen- 
erally, and with this conviction I make the proffer of my 
secvices, wherever they may be desired, for the purpose of 
furnishing plans> superintending the construction of 
~ bridges, either of wood or iron, and of consultation gen- 
erally, in masters pertaining to this, as well as other 8ut>- 
jects in Mechanics ||p Civil ]Sngineering. 



•"^^Jr- 
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I would add that I desig!) shortly to* publish^ias a seijuel 
to what precedes, should circumstances. seem to warrai.t 
it, a set of working plans for bridges of difllerent lengths . 
and descriptions, both of weed and i#on, with details, ' 
specifieadions^ and general remarks. ^ ^ S. WHIPPLE. 
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ESSAY NO. II. 



In the preceding Essay, to which the following is in- 
tended as a supplement or continuation, I have endeav- 
ored to give a short and comprehensive general view of 
the subject, and to ascertain and point out the best general 
plans and proportions for the main longitudinal trusses or 
side frames of Bridges, and their several parts. The 
side trusses maybe regarded as vastly the most important 
parts of the structure ; since the strength and sufficiency of 
these being secured, there is little difficulty in arranging 
the remaining parts. I propose now to go more inio the 
details of the matter, and give such practical ei^platiatioiis 
and specifications as to the strength of m^eHals, the 
methods of joining or connecting the several parts or 
pieces, both in the main trusses and the other parts of 
the structure, illustrated by the necessary diagrams and 
plans, as, it is hoped, will enable the young engineer or 
the practical builder to proceed with judgment and confi- 
dence in this important branch of the profession. 

I will first take up the subject of 

Iron Bridges. 

XXXVIII. Iron has the power of resisting mechanical 
forces in several different ways. It may resist forces that 
tend to stretch it asunder, or forces that tend to compress 
and crush it ; the former producing what is usually called 
Si positive, and the latter, a negative strain. Or it may be 
exposed to and resist forces tending to produce rupture 
by extending one side of the piece, and compressing the 
opposite side ; as where a bar of iron supported at its ex- 
tremities in a horizontal position, is made to sustain a 
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weight in the middle, which tends to stretch the lower 
part and compress the upper. This is called a lateral or 
transverse strain. 

Iron may also be acted on by forces which tend to force 
it asunder laterally, in the manner of the action of a pair 
of shears. This kind of strain is less important than 
either of the preceding, and especially in bridge building, 
it 'Seldom, if ever, will more than partially hare place. 

XXXIX. With regard to the simple positive and nega- 
tive strength of iron, it is only necessary for me to state 
in this place, that, as the result of a ntuhitud^ of experi- 
ments, a bar of good wrought iron an inch square will 
sustain a positive strain of about 60,000 lbs. on the aver- 
age ; and a negative strain, in pieces of a, length not 
exceeding about twice the least diameter, of about 90,000, 
and in about the same ratio for greater or less cross 
sections.* 

Cast ironTesists a positive strain equal to from 15,000 
to 30,000 Ite. to the square inch, but usually not over 
18,000. In fact, it is seld6m relied on to sustain this kind 
of strain, and its power of resistance in this way is not so 
well determined as in the case of wrought iron. But 
cast iron resists a negative strain even better than wrought' 
iron, its power of resistance being from 80,000 to 140,000 
lbs.; seldom less than 100,000 to the square inch, for 
pieces of a length not exceeding twice the least diameter. 
But in pieces of such dimensions as must usually be em- 
ployed in bridges, fracture would take place by lateral 
deflection, with a much smaller force than would crush the 
material. It is therefore necessary to take into account 
the length and diameter, as well as the area of the cross 
section, in order to determine the amount of negative 
strain which a piece of cast iron, or any other material, 
may be relied on to sustain. . 



•^Wrought iron yiekfe considerably under m much less pite8eure4han» 
90>000 lbs. to the square inch ; but it becomes hardened by the conapres-. 
don, and has its power of resistance increased. 



63 

XL. The cause of lateral deflection by forces applied 
at the ends and tending to crush a long piece, is supposed 
to be a want of uniformity in the material, and a want of 
such an adjustment of the forces, that the line joining 
the centre of pressure at the two ends, may pass through 
the centre of resistance. These elements are liable to 
considerable variation i and can not be very closely esti- 
mut^d' in any casef. Tliferefote, the absolute power of 
resistance for a piece of considerable length, can not be 
deduced by calculation from the simple positive and neg- 
ative strength of the material, but resort must be had to 
direct experiment upon the subject ; and even considera- 
ble discrcpanfcied shbuld' naturally be expected' in the 
results of experiment, unless the lengths of pieecS experi- 
mented on be very cbtisidferable. 

In respect to pieces, boweVer, lravin]^thelr letigths equal 
to twenty or more times their diameters, a considerable 
degree of uniformity is fount! iwtbeir powers of negative 
resistance, and' the following^ fotnml a, deduced theoreti- 
cally, though not fully sustained by experiment, will some- 
times be useful indetermining the relative powers for pie- 
ces of similai* cKws sections, but different dimensions. The 
power of r^istance is as the cube of the diameter directly, 

and as the square of the length inversely, i. e., R is as — . 

The manner of obtaining this formula may be readily 
illustrated by Fig. B., PI. 1, in which adb represents a post 
loaded at a, so as to bend it into a curve*, of the half of 
which, cd is the versed sine. It is- obvious that in this 
condition, the convex side of the'pOst is exposed to ten- 
sion, (or, at least, to less compression than the other,) and 
the concave sid^ to compression, and that the effect of the 
^ad-at o", towards breaking the post at d, is as the versed 
sine cdf which is as the square of ah. But the power of 
the post to resist rupture transversely, is manifestly as the" 
ovoss section of the- post, (i. e. as the square of the diame^^ 
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ler,) multiplied by the inaracter. Hence tha power h aa 
the cube of the diuneter. Now, ihe ability of the post to 
sustain the load at a, is directly aa ih» power to reeiiA 
rupture just determined, and invereely ai the meehanieal 
adrautage with which the load acts, a^iore- seen to bo as 
the a(]uaroort!ieleiii>tli of the post. Hence the formula. 
XLI, The fulln-nini; scanty table of experiments will 
give some farther ligbt upon this subject, and may be 
worth something in the absence- of better data. 

TABLE OF EXPERIMENTS 
On Ihe BCfxtlTC strength ef Cut Iroo. 
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XLIl. From oxperitnenlB 7 and 8 of the above table, 
it appears that cast irpn will sustaia at tte extreme, iu 
cyliudrical pieces, whose lengths equal about 14j diame- 
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ters, a negative strain' of from 4 1,000* to 51,000 lbs. to tfiB 
square inch, say an average of 46,000 or more. Square 
bars, according to- Expt. 9, length equal to 18 times the 
width of the side, will sustain about 45,000 to the square 
inch. 

Now a hollow cylinder, of a thickness of metal not 
exceeding about j\ of tlie diameter of the cylii>der, ac- 
cording to calculation, has a transverse streingth. about 50 
per cent greater to- the square inch, than a square bar 
whoso side equals the diameter of the cylinder. Hence^ 
a hollow cylinder whose length equals 18 times its diam- 
eter, ought to sustain a negative strain of 67,500 lbs. to the 
square inch. 

It should beobservedj however, that direct experiments 
upon the lateral strength of thepieces used £<>r aniving at 
the results and conclusions above stated as to negative 
strength, shewed them to possess uncommon strength 
transversely, even to from 30 to 50 per cent greater than 
the fair average transverse strength of cast iron, as will 
be seen hereafter. 

Therefore, I do not consider it proper to estimate the 
negative strength of hollow cylinders of the proportions 
above stated, at more than from 40,000 to 50,000 lbs. j[ say 
46,000) to the square inch* 

Now, the hollow cylinder being e\«idenlly the form best 
adapted to sustain a negative strain,ora-transverae straifv 
in all directions, it would be well worth the while to have 
a set of thorough experiments, to deteitnine accurately 
their actual strength. This has never, as far as I have 
learnt, been done, and therefore I shall assume the above- 
estimate on the subject, as probably, not very far from the- 
truth, subject, however, to correction whenever the fact» , 
and evidences shall be obtained, upon which the correction 
can be founded. In the mean time, since we know not 
the exact ratio between the greatest safe practical strength 
and *he absolute strength of iron,, and* therefore should, 

Al 
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in practice, keep considerably within the limits o^ probable 
safety, it becomes a matter of less importance to know 
the exact absolute strength, though this, of course, is de- 
sirable. 

XLIII. It will be seen moreover, by the table of 
experiments, that two cylindrical pieces of 9 inches in 
liemgth bore, the one 990 lbs. and the other 978 lbs., giving, 
a mean of 984 lbs. 

Now by the formula, R as — , these same cylinders re- 

duced to 4.5 inches in length, should sustain four times aa 
much, or 3,936 lbs. But by expei*iments7 and 8, we see that 
they bore only 2,580 and 3,218, giving a mean of 2,899. 
Whence it appears that, the diameter being the same, the 
strength diminishes faster than the length increases, but 
not so fast as the square of the length increases, being 
about half way between the two. Infact, if we examine 
the results of these experiments tbrotrghout, we find that 
the weights borne by pieces of like cross sections, whether 
round or square, and of dilFeren* lengths, were very nearly 
the arithmetical mean between- the results obtained by 
considering them to be inversely as the simple length, 
and as the square of the length, successively. 

For illustration, take Expts. 1 and 5. If the piece ^ 
inches long bore 99Q'lb8. ta'king the strength to be inverse- 
ly as the length, we have this proportion -Jr: -yjy : : 990: 
1,255. Then, takings. tbe^trength inversely as the square 
of the length, we have y*j :iirVT • • ^^^* 1»591. Taking 
the mean of these two results, we find (1,255+ l,591)-r-2= 
1,423. This is the weight which, according to the rule, 
the piece in Expt: 5 should^ have borne, and it varies only 
6 lbs. (less than J of one per cent) from what it actually 
did bear. 

Again, take Expts. 1 and- 8, in which the lengths were 
as 2 to 1. Supposing the* weights to be inversely as the 
liengths,. andas the square of-the lengths successively, and 
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taking the mean of the results, we have (1,980+ 3,9f60)'T- 
2=2,970, which is 248 lbs. less than the weight borne in 
Expt. 8. But it is also 390 lbs. greater than that borne in 
Expt. 7, by a piece of similar dimensions, but an inferior 
specimen. It does not seem, therefore, that the rule is 
much at fault. 

From these facts and othefs of a similar nature which 
have come under my observation, I give the' following' 
as a good practical rule for determining the negative pow- 
er of resistance for pieces of similar cross sections, after 
knowing from experiment the power of a piece of given 
dimensions, and similar cross section. Make the power of 

resistance as — and as — succesaivehj^ and take the mean 

of the results thus obtained, as the true result ; D representing' 
the diameter (or side of the square if the cross section 'be 
square,) and L, the length of the piece, 

XLIV. This rule will apply to pieces whose lengths 
are from 15 to 40 times as great as their diameters, and 
perhaps for greater lengths, although in bridge building, 
greater lengths will seldom be used.* But as the length 
is reduced to 8 or 10 time's the^ diameter, or less, it isH 
mfanifest that the power of resistance increases in a loss 
ratio than that given in the rule, and even less than in- 
versely as the simple length. For we see by the table of 
experiments that a square piece, length equal to 18 diam- 
eters, (Expt. 9,) bore at the rate of 45,000 lbs. to the square 
inch, which is about one third of the actual crushing 
weight for the strongest iron. But according to the rule, 
a piece of half the length, or equal to nine diameters, 
should sustain 135,000, which is about the maximum for 
cast iron, whereas experiment shews that the power o£ 
resistance iocr^jases till^the- length^ is reduced to about 2- 



*It is probable that for greater lengths than 40 diameters, ihe formular 
given article 30, would be. more nearly sustained than where the length' 
it tetes. 
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diameters. I would therefore apply the rule to square 
pieces above 15, and to solid cylindrical, above 12 diam- 
eters. From 15 to 10 diameters for square pieces, and 
from 12 to 8 for cylinders. I would call the strength as 

, and from those lengths down to 2 diameters, I would 

Lt 

add pro rata, according to the differences between the 

weights, or resistances determined as above for square 

and pieces of 10, cylinders of 8 diameters in length, and 

the absolute crushing weight of the iron ; i. e., if a square 

piece whose length equals 10 diameters bear m pounds, 

and the crushing weight for pieces of 2 diameters or less 

be n pounds, to obtain the resistance for a piece of 9 di- 

ameterp, I would call it equal to m4-(»— m)-i-8, and for 8 

diameters, 1 would take w+2 (» — m) -r8, and so on. 

XLV. I have already observed that in practice, mate- 
rials should be exposed to much less strain than their ab- 
solute strength is capable of sustaining for a short time. 

This is a fact well known to every body who has had 
experience in building, or has reflected upon the subject, 
and the reasons for it are, perhaps, sufliciently obvious, 
still, I will mention some of them. 

Firstly, there is a great want of uniformity in the qual- 
ity and strength of materials of the same kind, and no 
degree of precaution can always guard against the em- 
ployment of those containing defective' portions, possess- 
ihg-less th^n 'the' average strength. 

Again,' when materials are exposed to a strain, although 
it be but a small part of what they can bear, a change is 
produced in the arrangement of their particles, whereby 
they frequently, if not generally, become weakened, es- 
pecially if they be frequently exposed to such process. 
Hence, it often happens that a piece will break with a less 
strain than it has previously borne vvithout apparent 
injury. 

Now, there are no m^ahs of estimating exactly the 
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allowance necessary to be made for either of these cir- 
cumstances. Consequently, we can not determine with 
certainty how much of any given material may be relied 
jOn with safety, to sustain a given force. We must there- 
fore lean to the safe side, with the greater penchant, in 
proportion as the consequences to be apprehended from 
a failure are the more disastrous. The failure of a bridge 
is liable, in almost all cases, to be a serious affair, even to 
the imminent hazzard of life and limb. They should 
therefore, be constructed of such strength as to render 
failure quite out of the range of probability, if not abso- 
lutely impossible. 

It is generally considered that wrought iron of a good 
quality may be relied on to sustain a stress equal to one 
fourth part of its absolute capacity, with very nearly per- 
fect safety, with reasonable care in selecting, and guard- 
ing against defective parts. I have therefore adopted 
the rule in practice, of estimating good wrought iron to 
be capable of sustaining a positive strain of 15,000 lbs. to 
the square inch of cross section. 

XL VI. With regard to cast iron, it is not economical 
to employ it to sustain tension, and whenever it may be 
exposed to that action, I would not rely on it for more 
than about 4,000 lbs. to the square inch. I am confident- 
ly of opinion, howeyer, that where cast iron is exposed to 
a crushing force, in pieces of such length as to be deflect- 
ed and broken laterally, it may be loaded with safety to 
one third of its absolute average capacity. If a piece 
exposed to a negative strain have a defective part it does 
not diminish its power of resist^^pce to the sarce extent as 
when it acts by tension. The power of negative resistance 
being inversely as the fieche or deflection produced by a 
given weight, and the fleche depending on the stiffness of 
the piece throughout its whole length, the power is mani- 
festly only diminished as the amount of defect multiplied 
by the ratio of the length of the defective part, to the whole 
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length ; that is, if the piece be defective to the loss of one 
foiM-th of its stiffness, for that part of its length to which 
lis <ki€.one tenth part of the deflection, the deflection will 
only be increased by JXy'^=,i^, and the power of resist- 
4ince is diminished in the same ratio, whereas the power 
,of positive resistance would be diminished by J. 

The effect of a negative strain, moreover, is believed 
•not to be so deleterious to the strength of iron, as that of 
a positive strain, though I can refer to no particular facts 
•in corroboration of the opinion. 

On the whole, I am induced to estimate the power <>f 
cast iron hollow cylinders of a length equal to 1 8 diame- 
ters, to resist a negative strain, at 15,000 lbs. to the square 
inch of iCross section- Solid cylinders, same length, 8,000, 
and solid square pieces 10,000. 

Ther« is another useful form of cross section for 8«»- 
;taining negative strain, which is that of a cross, thus +. 
The power of resistance for this shaped piece, is essen- 
tially the same per square inch, as that of the solid square 
which will just contain the figure, and may be estimated at 
the same rate, calling the side of said squaj-e the diameter. 
The T formed section will also be sometimes conve- 
nient, and possesses about the same p.ow.er as the X 
formed section, and may be estimated as a square of 
which the top horizontal, or the perpendicular portion is 
the diagonal. 

XLVII. The following table, exhibiting the power of 
negative ^•esistance to the square inch of cross section, for 
ho]lo\y and solid cast iron cylinders, and solid square 
pieces, under which class may be included the x and t 
formed sections, of different lengths, from 2 to 40 diame- 
ters, the resistance being estimated at what is considered 
safe in practice, will be found convenient in estimating 
and proportioning the parts in bridges and other structures 
designed to sustain a negative strain. For Rail Road 
bridges, J should be deducted from the quantities in the 
table. 
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Length in. 
diameters. 


Power of resistance to the square in. in lbs. 






Hollow Cyl. Solid Cylinder. 


Square, X^^T 
section. 






2 


33333 


•33333 


33333 






4 


31438 


29722 


29950 






6 


29545 


26111 


26566 






8 


27652 


22500 


23183 




• 


10 


25759 


18000 


19800 






12 


23866 


15000 


16500 






14 


20457 


11755 


14143 






16 


17900 


9562 


11953 






18 


15000 


8000 


10000 






20 


12825 


6800 


8550 






22 


11156 


5955 


7438 






24 


■9844 


5250 


6562 






26 


8787 


4686 


5858 






28 


7921 


4224 


5280 






30 


7200 


3840 


4800 






32 


6592 


3515 


4395 






34 


6072 


3238 


4048 






36 


5625 


3000 


3750 






38 


5235 


2792 


3490 






40 


4833 


2610 


3262 



Lateral or transTerse strength. 

The transversa strength of bars or beams may be de- 
duced from the positive and negative strength in the 
following manner : 

Let ah. Fig. C, PI. 1, represent a portion of a rectangu- 
lar bar projecting from a wall in which it is firmly fixed. 
If a weight be applied at w, the upper portion will be 
stretched and the lower compressed ; and where these 
portions meet is what is called the neutral plane. Exper- 
iment shews that this plane, in rectangular beams, is 
central between the upper and lower surfaces, or at least, 
very nearly so, for all elastic substances, until they ap- 
proach rupture. The tendency of the weight at w, then 
is to produce rotation about the point c, or the line of 
intersection of the neutral plane with the cross section at 
c, and the cohesion of the upper portion cd, and the re- 

B 
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pulsion of the lower part ch, tend to resist rotation. Now, 
to determine the amount of this resistance, we will first 
consider the upper portion; and it is obvious that at every 
part of the cross section, the resistance to rotation is as 
the resistance to extension, multiplied by the distance of 
the part above the neutral plane. But the resistance to 
extension is, by the law of elasticity, as the degree or 
amount of extension, which is determined by the distance 
from the neutral plane. The parts at two inches from 
this plane, or the centre of motion, are extended twice as 
much as those at one inch, and resist twice as much. 
Then, denoting this distance from c b^the variable quan- 
tity X, the resistance to extension for each part may be 
denoted by sx, and the resistance to rotation about c, 
by sx^. 

Again, representing the horizontal breadth of the beam 
by tf t.dx will represent the differential of the section, and 
s,t,x^dx the differential of resistance. Then integrating 
and making x=cd=h, we have the whole resistance to 
rotation, of the part above the neutral plane = i s.th^. 
But s.h becomes equal to the positive strength of the ma- 
terial when x=cd=ht and t.h = area of the section above 
the neutral plane. Therefore, the power of this part to 
resist rotation is equal to i the area multiplied by the half 
depth of the beam, and the absolute positive strength of 
the material, in case the negative strength exceed the 
positive. 

Now, it is manifest that the part below the neutral plane 
exerts exactly the same amount of resistance to rotation 
as the part above. Therefore the total resistance to rota- 
tion about c, in other words, the resistance to rupture, 
is equal to ^ the whole cross section multiplied by J the 
depth of the beam, and by the cohesive strength of the 
metal; that is, equal to ^ CtDx^D=}CtD^, making 
D=db, and C=^cohesion, or positive strength of the ma- 
terial. 



68 

If we wish to determine, then, the greatest weight 
which the beam is capable of bearing applied at the point 
w, we institute the following equation : W,L.=^^ C*tD*, 
in which TF=the weight, and J*=the length tod. Or, to 
make the expression more general, Z/=the distance from 
the centre of motion c, to the line in which the forcd 
( W) acts. 

From the above equation we have TF= — . 

6i 
XLIX. This formula will enable us to determine the 

transverse forces which a rectangular beam will sustain, 

when we know tho material and dimensions of the beam, 

and the lines in which the forces act, are parallel with the 

sides of the beam. 

* 

In case the positive strength of the material exceed the 

negative, the same formula, (W=_1J — \ holds true, if 

we consider C to represent the negative strength of the 
material instead of the positive. 

This formula is deduced on the supposition that the 
material is perfectly elastic, so as to suffer no permanent 
change of shape until the strain produces actual rupture. 
There are few substances if any, and certainly wood and 
iron are not of the number, that fulfil this condition so 
nearly but that considerable discrepancies are found be- 
tween the deductions of theory and the results of experi- 
ment. Indeed, in the case of cast iron, experiment shews 
the transverse strength to be fully twice as great as it is 
made to appear by the above formula. 

C t D^ 
If in the expression -— — , we make L=^D, it may be 

eL 

reduced to ^ CtD, which shews that the power of the pro- 
jecting end of a beam to sustain weight at a distance from 
the fulcrum equal to the depth of the beam, is only j- as 
great as the positive, (or negative, in case that be the 
smaller,) strength of the beam. 
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Thia is a convonient way of expressing transverse 
Btronglb, viz : as equal to a force of so many pounds to 
the square inch of cross section, the force being under- 
stood as acting on a leverage equal to the breadth of the 
beam in the direction of the force. If we call 18,000 lbs. 
to the square inch the positive strength of cast iron, we 
may call the transverse strength, (according to tbe above 
deduction,) } X 18,000 lba.=3,000 lbs., meaning that a bar 
1 inch square will sustain upon its projecting end, 3,000 
lbs. at 1 inch from the fulcrum, and proportionally less as 
the distance is gi'eater. 

Now, experiment shews that it will sustain twice this 
amount, and frequently more, so that in reality we may 
reckon the transverse strength of cast iron at about 6,000 
lbs. to the square inch. 

I know of nothing to which to attribute thia great dis- 
crepancy between theory and experiment, except a want 
of complete elasticity in the material. 

Cast iron, when exposed to a transverse strain, suffera 
extension on one side. and compression on the other; and 
the power of resistance to both these effects, increases 
very nearly as the amount of extension or compression 
till they approach a certain point or maximum, and after 
passing this point the power diminishes. Now it is rea- 
sonable to suppose, in fact, we can hardly suppose the 
contrary, that for a certain interval on each side of the 
maximum point, the power of resistance remains nearly 
stationary. But this stationary interval is reached on the 
positive, much sooner than on the negative side, and the 
inevitable consequence must be, that the neutral plane is 
transferred farther from the positive side, so as to preserve 
the equilibrium between the resistance to extension and 
the resistance to compression. Hence, the amount of 
resistance on the positive side is increased, both by the 
increased area of the cross section of extension, and in- 
creased leverage, or distance from the neutral plane* 
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Moreover, a greater portion of the fibres (so to speak) of 
extension, act with their full power ; since, while the out- 
side portion is passing through what we have called the 
stationary interval, successive portions towards the neu- 
tral plane, are reaching and approaching that interval. 
Hence, some considerable portion of all the fibers of ex- 
tension, may act with their maximum power, whereas, if 
the body were perfectly elastic up to the point of actual 
rupture, only the outside fibers, farthest from the neutral 
plane, could act with absolute power, and all other parts, 
only in the ratio to their respective distances from said 
plane. To illustrate, suppose the extreme positive side, 
when extended one inch, reach the stationary interval, 
which is one inch more. It follows that, when the outside 
has passed to the other limit of said interval, one half of 
the positive portion of the bar, will be within the range of 
that interval, and act with its maximum power, producing 
one third more resistance to extension than the same 
fibres could afford if the body were perfectly elastic to 
the point of rupture. 

I know of no more plausible manner of explaining the 
observed discrepancy between experiment and calculation 
upon this subject. 

L. Wrought iron has something more than three times 
the positive strength of cast iron, upon the average, and 
if we consider its transverse strength to be in the same 
ratio to that of cast iron, the following proportion will 
give us the transverse strength of wrought iron : 18,000 : 
6,000 : : 60,000 : 20,000. 

Hence, the projecting end of a bar of wrought iron an 
inch square in a horizontal position, should sustain, at one 
inch from the fulcrum, a weight of 20,000 lbs. It begins 
to bend considerably, however, with about one third of 
this strain, and therefore, in practice, it should never, 
probably, be exposed to a lateral strain greater than five 
thousand pounds to the square inch. 

Bl 
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Tho principal occasions where wrought iron will be 
•xpi^^ed to a transrerse strain in bridgo builaiug, will be 
in c^linilrical pins for connecting other paru of the work, 
in which cases the forces will act with a certain leverage 
which can bo nearly determined, and denoting by a the 
area of the cross section of the pin in square inches, and 
by d its diameter in inches, and by h tho length between 
the centres of bearing at the ends, we shall have 4 x 5,000 
a<2-r-/=the number of pounds the pin will sustain in the 
middle with safety. A pin 1 inch in diameter has a cross 
section of .7S5 inches =a, and if /=6 inches, we have, by 
substituting these values in the last formula, 4 x 5,000 X 1 
X. 785 -r 6 =2,620 lbs., which an inch pin will bear in the 
middle when supported at 3 inches from the middle each 
way. 

It will be seen that this formula regards a cylindrical 
bar of a given cross section to be capable of bearing the 
same force, acting on a leverage equal to its diameter, 
that a square bar of the same section can bear on a lever- 
age equal to the width of its side; a supposition which my 
experiments on cast iron sustain, though differing from 
the result of calculation* 



BRIDGE WITH THE ARCHED TRUSS. 

LI. For the general plan of this truss, reference may 
be had to figures 5 and 8, pages 10 and 19. 

The arch is composed of a number of cast iron pieces, 
exceeding by one, the number of principal bearing points, 
^.c.J. &c., fig. 8, page 19. In this plan I suppose the road 
way to be along the chord of the arch, or slightly cambred 
according to circumstances, or the taste of the engineer. 

The cross section of the ardh pieces may be of various 
forms, but there are only two which I would recommend; 
the one is the form adopted for my canal bridges, and the 
other is that of hollow cylinders, which is more economi- 



67 

cal, in certain cases, as for railroad bridges, requiring^ 
great strength. I will first describe the former. 

aonm. Fig. 13, PL 1. presents a top view of the arch 
from the end to the centre, x and y represent enlarged 
cross sections at j? and q. Each piece consists of two side 
portions, of i formed section , connected by 3 or 4 cross 
bars of a T farmed cross section ; those at the ends being 
so broad and thick as to possess sufficient transverse 
strength to sustain any weight that may be brought upon 
the bearing points, and having a semi-circular notch in 
each, so as to form around hole where they meet, for the 
vertical bolt to pass through. 

For a bridge of 12 feet span, in which the arch pieces 
are from 11 to 12 feet long, the depth of the section should 
be at least six inches, the top cross of the i on each side 
about 3 inches wide, and the thickness of metal, average 
about I of an inch, so as to give about 12 square inches of 
cross section. The endmost arch pieces should also have 
diagonal bars from 1 to Ij inch square. The mid rib of 
the intermediate cross bars of the arch pieces, should have 
a depth from ^ to § that of the side portions. The end 
cross bars should be from 4 to 6 inches wide, and from 1^ 
to 2 inches thick in the middle, according to their length; 
or greater depth and less width would be better economy. 

The cross bar c, should be about a foot from the end, 
and the side portions farmed into a sort of foot, (see a. Fig 
14, PI. 2,) with a shoulder, a, for the chord chain, hereaf- 
ter to be described, to act against. 

The ends of the pieces are beveled according to the ra- 
dius of the arch, so as to form a fair joint, and one or botk 
of contiguous ends should have projections lapping by the 
joint, to assist in keeping the ends in place.. 

The width a&, should be' a little more than J the 
height of the arch, and the width in the centre, should be 
not less than ^ the length of the piece. 

LII. The chord ah, (fig. 8, p. 19,) is a chain composed 
of two sets of long links, extending from a to 5^ from h to Cp 
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&c., and connected by pins or bars, of a length equal to ah 
Fig. 13, PI. 1. The cross section of these chains should 
contain adout 6 square inches to each truss, for a 72 feet 
common road bridge of 16 feet width of way. 

In fig. 14, Pi. 2, A lepresents a top, and B a side view 
of the chain, and its connection with the foot of the arch 
piece above described. The end links are twisted 90^, so 
as to have one end open horizontally to receive the arch 
piece, and the other vertically to receive the transverse pin, 
C is a side view, and D a cross section near the middle of 
the transverse pin, shewing the manner in which the ver- 
tical and diagonal parts connect with said pin. 

This pin may be formed in this manner. Take a bar 
or plate of wrought iron, 6 to 7 inches wide, and f to f 
thick, of a length about 2 inches shorter than the pin is to 
be. Let this be rolled or s wedged into the form of a 
trough, whose cross-section is shaped as seen at E. Then 
take a bar of the same or a little greater length, about 4 
inches wide in the middle, and tapering towards the ends; 
the section in the middle having a trapezoidal form as at 
F* Let this be bent in the form seen at G, and placed in 
the trough formed as above, with its convexity upward, 
and the ends welded and swedged to a cylindrical form, 
(about 2J inches diameter,) to receive, or pass through the 
links of the chain. It will readily be seen at C and D, 
how the lower or troughed portion is punched for the re- 
ception of the diagonals, which cross one another, and are 
secured by nuts below, and how the upper part is pierced, 
and tapped for the vertical to screw into. This should be 
done before welding. The ends of the pin are slightly 
headed in the direction of the length of the chain, to keep 
the links from slipping off. 

LIII. The vertical is a round bar of wrought iron of 
about 1| inches in diameter, as 1 have used them in bridg- 
es of from 70 to 80 feet span, the lower end screwed 
into the transverse pin as just above described, and the 
upper end having a thread cut for 9 or 10 inches, with two 
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nuts, from 1 to 1 J inch thick, the one to form a shoulder 
to hold the upper end of the diagonals, and the other, on 
the end to secure it above the cast iron arch. 

Fig. 15, PI. 1, is a vertical longitudinal section, shewing 
the arrangement at the upper end of the vertical and diag- 
onal pieces. Each diagonal has an eye at the upper end,*i8 
bent so as to allow the vertical to pass directly through, and 
prevented from slipping down by the nut below. For this 
lower nut, a key, or a solid shoulder may be substituted 
with advantage. The diagonals should be of round iron 
about 1 inch diameter, for 72 feet span, and enlarged at 
the lower end as much as the screw thread cuts away. 

LIV. It will be seen^that these trusses, having a width 
of base equal J or more of the height, will support them- 
selves, laterally, without any assistance; wherefore the 
flooring, including the cross beams, may be entirely of 
wood, and renewed at pleasure without any disturbance of 
the iron work. 

It is therefore recommended to use wooden cross 
beams, which may be formed of two pieces, as by slitting 
the beam vertically, and bolting or pinning the parts to- 
gether, with the vertical bolt passing through the ends. — 
In this manner they may be put on after the trusses are 
put together. Between each two cross bearers, and be- 
tween the endmost ones and the abutments, should be a 
pair of diagonal braces, (2 to 3 inches thick by 6 to 10 in- 
ches wide,) to prevent lateral swinging of the road way. 

Upon the cross beams, longitudinal joists are placed to 
support the floor plank, a thing so simple, and so gener- 
ally understood, that further description is unnecessary 
in this place. 

More or less casings and finishings of wood work out- 
side of the road way may be added, according to circum- 
stances, or the taste of the builder. 

In my 72 feet canal bridge, the height of truss is 9 feet. 
But the cord chains and road way have a cambre of 1 foot 
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in the centre, leaving only 8 feet from centre of the arcn 
to the chord chains. A greater height, as we have before 
seen, would be more economical as regards vertical 
strength ; but this proportion is thought to have a better 
oppearance, and, as the arches have no extraneous sup- 
port laterally, it is best not to carry them too high, where- 
by they would be made top-heavy and unsteady. I would 
recommend the height of truss on this plan to be from 
1^ to I of the length, for road bridges, and a little more for 
rail roads ; although for rail roads, I prefer the cylindrical 
lurch pieces, except, perhaps, for spans of 50 feet or less. 

Cylindrical Arch Pieces. 

LV, I proceed to describe thdse parts of the truss with 
the cylindrical arch pieces, which differ from correspond- 
ing parts of the truss above described. 

The cylinders are cast with a length from 15 to 20 times 
the diameter, and a thickness from -^^ to ,l of the diame- 
ter. The ends are beveled to the radius of the arch, 
and are about double thickness for 3 or 4 inches from the 
joint, with semi-circular notches, so as to form a round 
hole at the joint for a horizontal pin to pass through, to 
hold the vertical and diagonal parts, passing in by notches 
or openings in the under sides of the cylinders at the 
joints. 

Fig. 16, PI. 2, shews a side view and section of the joint 
of the arch, with its pin hole, and the connections of the 
verticals and diagonals. The top end of the vertical is 
forked, so as to admit the diagonals side by side between 
the branches of the fork, thus bringing the action of all 
the forces acting on the arch, to meet near the centre of 
the cylinders. 

The ends of the cylinders resting on the abutments, are 
beveled to a horizontal plane, or adapted to foot piece so 
beveled, wdth a large pin hole, by means of which the ends 
of the chord chains are connected with the extremeties 
of the arch as seen in Fig. 17, PL 2. 
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This truss otherwise differs little from the preceding, 
except that the chain pins are shorter, as the arch pieces 
are not expanded towards the ends, or points of connec- 
tion with the chains, and the end-most links of the chains 
do not require the twisting to form said connection. 

For estimating the strain upon the different parts of the 
arched truss, and proportioning them accordingly, refer- 
emce may be had to Articles 13, 14 and 15, and to the 
tables and remarks upon the strength of iron. 

LVI, It will be seen that these trusses, having but 
small width of base, will require lateral support to pre- 
serve them in a vertical position, which may be afforded 
by braces running up from the cross bearers, and by tying 
across the top when sufficiently high. In this case, since 
the trusses depend for support upon the cross bearers, in 
some measure, and since it is desirable that the iron work 
form an independent system, capable of sustaining itself 
without the aid of any less durable material, I consider it 
advisable (although not a'bsolutely- necessary) to use iron 
cross bearers, in connection with cylindrical arched trusses. 

Iron cross bearers may be formed on the same princi- 
pies as the longitudinal trusses, by combining wrought 
and cast iron where each is respectively best suited to 
sustain the force it will be subject to. 

Fig. 18, PI, 3, shews an iron cross bearer, and the man- 
ner of its connections with the verticals and chain pins ; 
which latter form a sort of nucleus for the connection of 
other parts. 

The cross bearer has a cast iron arch-like piece standing 
with two feet upon two chain pins of the main bearing 
trusses. The verticals passing down through said feet, 
are screwed into the chain pins. The thrust of the arch 
piece is counteracted by a chord chain embracing its feet. 
This chain is composed of three links, a little twisted so 
as to lie nearly flat wise, when linked together, and long 
enough for each of the two connected ends to embrace 
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die vertical bolt as seen at a. The vertical bolts have two 
nuts at the lower end, (one above and the other below the 
chain and diagonal,) and at the upper end, a countersink, 
or a common bolt head, with a key or nut below the arch 
piece and the diagonal; the diagonal being ja | or J inch 
rod with an eye at each end, and bent so as to suffer the 
vertical to pass square through. 

In case a nut be used under the upper end of the diag- 
onal, the vertical must be enlarged by upsetting or other- 
wise, where the thread is cut, so that the nut may slip up 
from the bottom, or the head at the top must be replaced 
by a nut. 

The arch piece has a t formed cross section, with such 
enlargements where the bolts &c. pass through, as to pos- 
sess the same strength as at other parts. 

The verticals of the main trusses may be of round bolt 
iron, with a wrought iron brace as shewn on the right 
hand side of the figure, or formed of two flat bars of wrought 
iron, (as seen edgewise on the left hand of the figure,) 
with a thin cast iron plate edgewise between, forming an 
H formed cross section, the two sides wrought, and the 
cross, cast iron, broad in the middle and tapering to the ends, 
the whole secured together by rivets or bolts passing 
through the wrought bars, and either through the cast 
iron mid-rib, (transverse holes and extra thickness at the 
holes, being cast in it for that purpose,) or on one side 
and the other alternately. The lower end of the vertical 
should terminate in a round part and screw to pass through 
the cross bearer, and enter the chain pin as before stated, 
and the upper end, forked and punched to connect with 
the arch cylinders of the longitudinal trusses. 

When the virtical is formed in this way it will have 
more stiffness, and the supporting brace need not connect 
so near the top, but may be of wrought or cast iron, con- 
necting with the vertical 3 to 4 feet or more from the bot- 
tom, and with the arch piece of the cross bearer, near the 
angle where the rail is placed. The brace may be cast 
in the same piece with the arch. 
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The sizes of the parts of the cross bearer will depend 
on the length and distance asunder. For a single track 
rail road bridge, they should be from 14 to 15 feet long 
from centre to centre of trusses. The cast iron part should 
be about 4 inches broad and deep, and contain about 6 
square inches area of cross section, if 12 feet apart, and 
more or less, as the distance is greater or less than 12 feet. 
The cast iron brace to give lateral support to the main 
trusses, should have a cross section of 2j or 3 square 
inches. The chord chain should contain 2 square inches 
cross section for cross bearers of 3 feet depth and 12 feet 
apart, and more, as the depth is less or the distance asun- 
der greater, and vice versa. The vertical bolts of the 
cross bearer should be about 1 J inches diameter for 12 
feet apart. The diagonals should be about | inch in 
diameter. 

LVII. The lateral support necessary to be provided 
for the trusses, can not be exactly Estimated. It depends 
essentially upon the force of the wind (which can not be 
very severe, as so little surface is exposed in an iron 
bridge,) and upon the centre of resistance in the arch, not 
being exactly in the same vertical plane with the centre 
of thrust, whereby is produced a tendency to lateral flex- 
ure. If we suppose the distance of the axis of thrust from 
the axis of resistance, in the middle of the arch, to be J 
the diameter of the arch cylinder, and that the axis of re- 
sistance have a circular curve from end to end, which is 
probably more than would ever be true in practice, the 
tendency to flexure laterally would not exceed the 75th 
part of the thrust of the arch, say for a 100 feet truss, about 
1,600 lbs. distributed through the whole length of the 
truss. A 100 feet truss should have about 8 verticals, and 
if each of these possess sufficient stiffness, and be so brac- 
ed as to afford 200 lbs. of lateral support to the arch, a 
failure in that respect would be quite improbable, if not 
absolutely impossible. In using wrought iron braces, 

B 
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then, it would be proper to make them of 1 to 1^ inch 
iron, according to the length. 

The depth of tl^p cross bearer from the arch piece to 
the chord tie, should be from 2 to 4 feet ; not less than 3 
feet when there is sufficient space for such a depth. 

LVIII. The lateral swing of the road way, is another 
tendency to be guarded against, and this, like the lateral 
tendency of the arch, can not be exactly estimated. The 
best means of counteracting it is, by horizontal diagonal 
tie braces of wrought iron from f to Ij- inch diameter, 
for 100 feet span, between each two cross bearers, and 
those, like the vertical diagonals in the main trusses, 
should be larger towards the ends, and smaller in the mid- 
dle of the span. 

These should be furnished with swivel nuts for adjust- 
ment, (see Fig. 19, PI. 3,) and may be formed as seen at 
a, having a head and swivel at one end, and a screw at the 
other, with an angle and a hole from one to two feet from 
the screw end. Thus formed, it maybe interposed between 
the cross bearer and the chain pin, so that the hole may 
receive the vertical of the main truss, after it has passed 
through the foot of the cross bearer, as before described. 

String timbers to support the iron rail may be placed 
over the upright bolt of the cross bearer. Or, truss-work 
resting on the uppermost nut at the lower end of said 
bolt, and of such height as to carry the track over the top 
of the cross bearer, may be employed, which will give 
more stiffness to the track. 

The height of the truss for a rail road bridge, should be 
from J to 4 the length of span, and no cambre to the chord 
chains. 

For a span from 40 to 100 feet, (affording from 4 to 8 
bearing points, or cross bearers,) this plan is little if any 
inferior to any that can be adopted. 
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Cancelled Truss Bridge. 

LIX. For a general view of the truss, see Fig. 7, page 12. 

In this plan the part a.o,i,h is composed of hollow cast 

iron cylinders, similar to those composing the arch in the 

^ last described truss, but not beveled at the ends, except at 

Oti,a, and A. The chains ah also, are formed and connected 

in the same manner; but the links of the chains increase 

/v towards the middle of the truss, as shewn to be necessary 

in reference to Fig. 7. The verticals act only by thrust 

in this plan, and consequently are of cast iron ; may be 

tubular, or of a X formed cross section, larger in the mid- 

^ die, and tapering towards the ends ; the upper end forked, 
as in the verticals of the cylindrical arched truss above 
described. The lower end may be cast with a wrought 

^ ii'on screw, and connect with the cross bearer, lateral bra- 
ces and chain pin, precisely as in the said arched truss, in 
case of the cross bearers being placed in that position. 
The same manner of securing the trusses laterally, and 

^ preventing lateral swing may be adopted. 

The diagonals are connected at both ends in the same 
manner as in the cylindrical arched truss, except that the 

^ main diagonals, or those which act when the bridge is load- 
ed uniformly, and which are shewn by the dotted lines in 
Fig. 7, are in pairs, (with the counter diagonals between 
them,) and larger towards the ends, as the stress in- 

^ creases in those parts. The cross bearers are made in the 
same manner as above described for the cylindrical arch- 
ed trusses. 

The cancelled, tapezoidal truss, if rightly proportioned, 
is from 5 to 10 per cent cheaper than an arched truss of 
the same strength, and for rail road bridges, is generally/ 
to be preferred. 

^ It is decidedly preferable when the track may be placed 

on a level with the top of the trusses, in which case, the 
distance between trusses need not exceed the 10th part 
of the length of span. Hence a considerable amount csC 
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material is saved in the construction of the cross bearers, 
and in lateral bracing. 

The preference to be given to the trapezoidal truss in 
this case, is on account of the bearing points, (the joints 
of the cylinders,) being in the same honzontal plane, and 
not at different elevations as in the arch. 

The cross bearer for a track on the top may be as seen 
in Fig. 20, PI. 3. The cast iron portion straight, and 
formed to fit the cylinders at the ends, where they are 
secured by bolts. On the other hand, the wrought iron 
part, which acts as a chord chain in the other cross bearer, 
acts as a suspension chain in this, having its connections 
essentially the same in both cases. The verticals and di- 
agonals, as well as the mode of applying the track timbers, 
are also the same as in the case of Fig. 18. 

The lateral, or horizontal diagonals, may be as shewn 
in Fig. 19, with or without the hole at the angle, and 
passing through elongated holes near the ends of the bear- 
er, may be secured by pin or wedge. 

The chain pin for trusses sustaining the track on the 
top, need not be adapted to receive the vertical by a hole 
in the upper side, but may be formed by welding the ends 
of 4 square bars, rounding the welded parts to receive 
the chain links, and opening the middle portion for the 
diagonals to pass through. Fig. 21, PI. 3, shews a middle 
cross section of a pin formed in this manner, with the diago- 
nals passing through, and the vertical standing on the top. 

It will be most economical to make the height of the 
truss in this plan, equal to^ the length of span, but cir- 
cumstances may sometimes render it advisable to reduce 
it to \ or J. The diagonals should incline at 45°^, though 
a small deviation may be made without great detriment 
to economy. 

This plan, with the single cancel, as in Fig. 7, is good, 
perhaps the best, for any span under 75 feet. If carried 
beyond that, it would, perhaps, be best to give more 
length without increasing the height, by making more 
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bearing points, to avoid the disadvantage of too long cyl- 
inders in the top rib, and long verticals. 

LX. From 70 of 80, to 160 feet stretches, should be- 
made with double cancels, or two crossings of diagonals, 
as seen in Fig. 23, PI. 4. The formation and connection 
of the parts in this case are precisely as in the above, ex- 
cept as follows: 1st. The end cylinders ch and cd incline 
at 60® instead of 45® with the horizon, and must be bevel- 
ed accordingly. Also, these parts having greater length, 
will usually require to be cast in 2 pieces, and will require 
the tie and brace>/J as well as lateral stiffening, which 
may be done as hereafter described for stiffening the ver- 
ticals. Or, when the track is on the top, by a transverse 
bar at c, and diagonals (Fig. 23, PI. 4,) from one truss to 
the other, which will also afford lateral support for the 
ends of the trusses. If the track be at the bottom, as 
from a to d, such an arrangement would interfere with 
the passage of the trains, and lateral support must be pro- 
vided at the ends by braces or guys (gg. Fig. 23,) that 
may not produce such interference. With the track at 
bottom also, the end-most verticals will act by tension 
only, and such materials and connections should be provi- 
ded as will afford the necessarry resistance. 

With the track on the top, the end-most verticals are 
useless and unnecessary, if other means than the brace ef 
(Fig. 22) be used to stiffen ah, and the two diagonals at 
each end represented by dotted lines, are unnecessary to 
the strength of the structure in all cases, unless for very 
short spans. It is not to be expected however, that the 
proportions of a bridge on this plan will be assumed with- 
out such an analysis as to determine the amount and kind 
of force each part must sustain, which done, it will readily 
be seen whatt parts are necessary, and what proportions 
should be given them. 

Another modification which the double cancelled truss 
requires is, an opening in the middle of the vertical, for 

b2 
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the diagonals to pass through. For this purpose, and to 
give them the stiffness their great length rcndera neces- 
sary, without too great an expenditure of materials, they 
may be formed, when of considerable length, as shewn in 
Fig. 24, PI. 4. 

The middle or cast iron portion is in two, or may be in 
4 pieces, and connected and stiffened by the 4 small bent 
wrought iron bolts b,b, &c., (two only appearing in each 
view,) passing through flanges formed for that purpose, 
and strained out in the middle by a plate as seen at a, 
interposed between the two cast iron parts forming the 
main body of the vertical. The castings may be tubular, 
or of a X formed section ; if very long, the tubular form 
will be preferable. 

The Cancelled Truss without yertical Struts. 

(See Fig. A, p. 14.) 

LXI. This truss may be constructed of iron, with cast 
iron cylinders and horizontal chains, the same as when 
the vertical strut is used, and the description relating to 
those parts need not be here repeated. 

The verticals ob and ig, and the two diagonals oc and t/J 
(the track being along ah,) should be wrought iron, and 
so connected as to act by tension only. Of the other diag- 
onals, those which act mainly by thrust, may be formed 
of cast and wrought iron as shewn in Fig. 25, PI. 5. ab is 
a view as it would appear when looking lengthwise of the 
truss, and cd, when taking a side view. It has a cast iron 
portion with a H formed section, a hole in the centre for 
the other diagonal, ef, to pass through, and 4 wrought iron 
rods, each running from the centre (whore they receive 
the diagonal ef through an eye or loop made for that pur- 
pose,) to the end ; i. e., two to each end. Those termin- 
ating at the upper end b or d, have an eye to receive the 
transverse pin connecting the diagonals with the cylinders. 
Those terminating at the lower end,pa8S through the chain 
pin, and are secured by screw nuts. 
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These rods being strained out by short screw struts as 
seen at^.^, give stiffness to the piece between the centre 
and the ends, and being wedged, or otherwise made fast 
to the crossing diagonal c/J in the centre, are in a condition 
to resist a crushing force to advantage. The wrought 
iron rods should be sufficient to sustain whatever tension 
the piece may be exposed to. 

Those diagonals which act slightly by thrust, but princi- 
pally by tension, may be of round wrought iron rods, of 
sufficient size to sustain any force that may act upon them, 
and should be so connected as to act by either ten&ion or 
thrust, without play or motion in changing from, thrust to 
tension, and the contrary ; and for this pui'pose the eye at 
the upper end should be made snug to the connecting 
pin by wedging, if necessary, and the lower end, passing 
through the chain pin, should have a nut on both sides. 
These pieces passing through those above described, in 
the centre, are secured at that point, and thus, the better 
enabled to stand the small thrust they are liable to. 

Before constructing a bridge on this plan, it should be 
considered whether the track is to be at the top or bottom. 
Then the kind and amount of stress upon each part, due 
to the weight of the structure, should be ascertained, and 
these forces added to, or subtracted from (according as the 
signs are like or unlike,) the maximum effects due to the 
variable load, will shew the forces each part must be capa- 
ble of sustaining, and the construction may be proceeded 
in with confidence. 

These trusses may be used with either wood or iron 
cross bearers, and when not high enough to be connected 
across the top, must be supported laterally, by braces or 
guy rods from the cross bearers to the cylinders. When 
the track is on the top, the same arrangements for lateral 
support may be used as in the case of the truss with ver- 
tical struts. 

The preceding details, it is hoped, will be found suffi- 
cient to enable the advantages and excellencies previously 
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pointed out as appertaining to the three general plans of 
trussing, (viz., the arched truss, and the cancelled, trape- 
zoidal truss, with and without the verticals,) to be made 
easily available, in the construction of iron bridges for 
rail roads, for all spans under 160 or 180 feet. The mod- 
ifications required to adapt the same to the purposes of 
common travel will readily suggest themselves to the 
practical engineer and skillful mechanic. 

It is not expected that these details are so full and 
clear as to leave no necessity for the exercise of ability, 
skill, and judgment in carrying them into practice. The 
plan and purpose of this work would not admit of such 
minuteness of detail, if the time, experience and ability 
were not wanting to accomplish the object. Neither is it 
presumed that some of the details that have been given, 
may not be susceptible of material improvement. Still, I 
do entertain the fullest confidence that nothing is here 
given but that is highly feasible, and worthy of being used 
as a guide, where better plans and modes are not known. 

LXII. I have not yet spoken of stretches of more than 
180 feet ; not that this length forms a limit beyond which 
it would be impracticable to construct bridges on these 
general principles. But for greater spans than what is here 
mentioned, I would suggest the following modification 
of the truss Fig. 7, p. 12. 

It is desirable that a transverse bearer should be con- 
tained in the structure, at least, once in 12 or 15 feet. 
Hence, in long stretches the verticals and diagonals 
become very numerous, and the former being very long, 
and acting by thrust, must necessarily act to a great disad- 
vantage. It is proposed therefore, to form a simple truss 
as in Fig. 7, of a height of from J to J^ the length, contain- 
ing from 5 to 7 full length verticals, (or from 3 to 5, dis- 
pensing with the end ones,) and between each two of 
these, make use of suspension chains and 2 or more short 
verticals, when the track is to be on the top, or sub-arches 
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and short verticals wben the track is to he at the hottoffl* 

Fig. 26, PL 5, shews this arrangement, one half tvith 
the track at the top, and the other with the track at the 
bottom. When the track is below, small suspension 
chains will be required to sustain the weight of the cylin- 
ders between the main bearing points, as shewn in the 
figure. Or there may be independent trusses, or 
bridges extending from one of the main bearing points to 
another. 

I have not perfected the details of such an arrangement, 
but have so far considered the subject as to be satisfied of 
the feasibility of it, even for spans of 400 or 500 feet, not 
to say more. This plan admits of using wire cables to 
advantage. 

It has been proposed by an eminent English engineer, 
(Mr. Stevenson,) to construct a tubular, or box bridge over 
the Menai Straights, out of plates or sheets of wrought 
iron about 1 inch thick ; the box to be 15 feet wide, 30 
feet high, and 450 feet long, and weighing upwards of 
1,500,000 lbs, and it is doubted, even by the projector, 
whether this will be sufficient for the purpose. 

Now, I have estimated, with considerable care, the pro- 
bable amount of iron that would be required for a bridge 
of 450 feet on the plan shewn in Figure 26. In this esti- 
mate I have reckoned the safe load of wrought iron at 12,- 
000 lbs. to the square inch, which is about 15,000 lbs. for 
that portion which sustains the dead weight of the struc- 
ture, and 10,000 for that which supports the moveable 
load, instead of 10,000 lbs. for the whole, as I have adopted 
the rule of estimating for rail road bridges of ordinary 
lengths, for reasons to be explained hereafter. This 
course seems warrantable in the present case, since, be- 
sides that so large a portion of the strength of the mate- 
rial goes to support the dead weight, whatever effects may 
be due to the motion of the additional load, will be pro- 
portionately much less, acting on such a mass of material, 
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than upon a short bridge of only a few tons weight* 

My estimate shews a gross amount of about 560,000 lbs. 

in about equal portions of wrought and cast iron, to sustain 

900,000 lbs. besides the weight of the structure. We may 

put this amount, in round numbers, at 600,000 lbs., and the 

tubular bridge, as above described will require at lea^t 

two and a half times as much iron, all wrought, to sustain 
the same load, in addition to its own weight, with the same 

stress on the material. 

As a corollary to what precedes, it may be remarked 

that, as a 450 feet bridge will support twice and a half its 

weight, one of 900 feet will weigh four times as much, 

and sustain twice as much, or will sustain 25 per cent. 

more than its own weight, with the same stress of material. 

Hence, no good reason appears against the practicability 

of making a trussed bridge of 900 feet long, (by 150 feet 

high,) that would be safe for ordinary travel, but not for 

a rail way, (unless the truss be proportionally higher.) It 

is probable, however, that from 4 to 5 hundred feet would 

form a limit, practically, beyond which it would scarcely 

be advisable to undertake the construction of a trussed 

bridge. 

EflTects of rapid motion of Trains, and remarks upon 
the forces to which Bridges may be exposed. 

LXIII. I have given one fourth the absolute positive 
strength, and one third the negative strength, as the safe 
practical strength of iron, beyond which it is not prudent 
to load that material. This has reference to dead forces, 
and not, of course, to forces brought instantaneously to 
act on the material. 

It is well known that, on an elastic material like iron, a 
given force will produce twice as much effect when in- 
stantaneously applied, as when brought gradually to act. 
Any one can illustrate this by taking a pound weight, 
holding it in contact with the dish of a spring balance, 
and letting it go suddenly, 'when it will be found to move 
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the pointer to the two pound mark, after which it will set- 
tle and remain on the one pound mark. 

Now, upon a bridge for common travel the maximum 
forces to be provided for are, the weight of the materials 
in the structure, and a crowd of men or other animals, all 
of which acts principally as so much dead weight. Hence, 
for such bridges, it is proper to consider the whole area 
of the road way, covered with men, which is about 100 lbs. 
to the square foot, as the greatest load to which the bridge 
can be exposed. The effects of such a load, upon the 
whole or any part of the platform, added to those of the 
weight of the structure, are the forces which the bridge 
should be calculated to sustain ; and for that purpose, it 
is sufficient to provide in each part, 1 square inch cross 
section of good wrought iron to every 15,000 lbs. of ten- 
sion to be sustained, and for thrust, to provide cast (or 
wrought) iron, according to the table for the safe practi- 
cal strength of cast iron. 

The methods of estimating the stress of the several 
parts of the structure, were given in full in the first part 
of this work. 

In regard to rail road bridges, the enquiry naturally 
suggests itself, whether the ponderous engines and trains 
dashing over with lightning velocity, do not produce effects 
approximating to those offerees instantaneously applied? 
Doubtless some greater effect is produced upon some 
parts of a bridge by the rapid, than by the slow transit of 
a train. But with respect to the horizontal parts, (and 
the arch, in case of the arched truss,) which suffer their 
maximum strain under the full load of the bridge, suffi- 
cient time elapses between the first and the last portions 
of weight added, to obviate any tendency to mischief 
from the sudden application of force. With regard tp 
the diagonals and the verticals, it is doubtful whether the 
same remark would not hold essentially true. 

When the equilibrium of an elastic body is disturbed, 
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it vibrates about the point of equilibrium, with longer or 
shorter times of vibration, according to distance of the mo- 
tion and the mass of the vibrating body. If a weight be in- 
stantly left to act upon the lower end of a suspended iron 
rod, it will stretch the rod twice as far, abating what is 
due to atmospheric resistance and want of perfect elasti- 
city, as it is capable of holding it at for any length of 
time. The elasticity of the rod will then preponderate, 
and will raise the weight nearly to its original position. 
The weight again will preponderate in turn, and thus the 
vibration will be kept up, till the want of perfect elasticity 
in the iron, and the resistance of the air, shall finally in- 
duce a state of rest. Now, we know that these vibrations 
are extremely short, as to duration of time, as well as ex- 
tent of motion ; quite inappreciable to the senses, unless 
the rod be very long ; and if the weight be applied so 
gradually that a space of time equal to several of these 
vibrations, elapses from the incipiency to the end of the 
application, the vibration must be reduced to almost noth- 
ing, if not entirely destroyed. With regard, then, to the 
diagonal of a bridge, the weight has to traverse a space 
of 10 or 12 feet from the time it begins to act, until it 
comes to produce its full action, requiring, at a velocity of 
60 ft. in a second, or j of a mile in a minute, } part of a 
second of time ; a space greater than many of the vibra- 
tions above spoken of. 

I conclude then, that theoretically, no allowance need 
be made for the rapidity of the passage of rail road 
trains, and, that if the rail be perfectly straight and even, 
and the motion true and equable, there is no more danger 
to a bridge from a rapid than a moderate transit. 

Bnt practically, this perfection in the adjustment of the 
rail and the movement, can not be secured ; and conse- 
quently it is reasonable to suppose there is, in reality some 
more liability to failure by the quick passage of a rail 
road train, than by the same load at rest on the bridge. 



85 

Again, tbe adoption of iron bridgen for rail roads, is a 
new thing, which many regard in the light of an '* experi- 
ment," about which many wise doubts are entertained ; 
and to reduce the chances of failure in this incipient 
stage of the matter, which would serve to weaken confi- 
dence, and delay the introduction of the change, as well 
as be attended with disastrous consequences to life and 
limb, perhaps } I have thought proper to provide bounti- 
fully of t)^e means for sustaining all the forces, both ac- 
tual and contingent, that can ever come to act in the pre- 
mises. 

For that purpose, I have adopted the general rule for 
R. R. bridges, of estimating wrought iron to sustain only 
10,000 lbs. positive strain to the square inch, (only one- 
sir.th the absolute capacity,) and cast iron hollow cylin- 
ders, of a length equal to 3 8 diameters, from 10 to 12,000 
negative strain, or about a fourth part of the actual capa- 
city ; and in like proportion for other forms and dimen- 
sions of pieces. Consequently, in estimating for R. R. 
bridges, I diminish the quantities given in the table for 
the practical strength of cast iron by about one quarter. 

As to the gross load for a R. R. bridge, the heavy en- 
grines now used in this country, comprise about 20 tons 
of weight within as many feet of length. The heavy 
freight trains weigh, in general, not over 1000 lbs. to the 
foot run. But I have thought proper to estimate bridges 
as liable to a load of 2000 lbs. to every foot, upon the 
whole or any part of their length. 

The providing of abundant strength seems the more 
proper, as the tendency has been and still is, to increase 
the weight of engines and loads to the utmost capacity of 
the track, and hence an iron bridge, intended as a dura- 
ble structure, should be proportioned with reference to 
such changes and tendencies. 

I have now given such details of the plans I propose 
for the construction of Iron Truss Bridges, as appeared to 
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me necessary to guide the skillful builder in tbe erection of 
bridges, for rail roads or cornraon roads, of all lengths 
which will bo likely to be- undertaken upon the TruM 
principle. I will, therefore, leave this pari of the subject 
for the present. 

Suspension BrMges. 

The general principle of Suspension Bridges wa9 
briefly alluded to in Article 6. It is not mypijrpose to 
go much into particulars with respect to this kind of 
bridges. My object is not to compile from works already 
before the public, but to give such results of my own 
labors and investigations, as are believed to possess origi- 
nality and value. Not having given a large share of atten- 
tion to the details of Suspension Bridges, I shall have but 
little to offer. 

The longest spans ever built, have been on the suspen- « 
sion plan: In fact, this plan has advantages for very long 
spans, which render it practicable to construct longer 
stretches upon this than upon the truss principle. In the 
truss bridge, a large portion of the material does nothing 
towards directly sustaining the weight of the bridge and 
load. The horizontal portions, for instance, in trusses Fig. 
7 and Fig. A do not directly sustain a pound of weight. 
They simply act and react upon one another through the 
medium of the oblique parts, and are essential to enable 
the latter to perform their functions. The chord chains also, 
in the arched truss, only sustain the horizontal action of 
the arch. 

Now, all of these parts add to the weight of the struc- 
ture, and proportionally to the necessary amount of ma- 
terial. 

In the suspension bridge also, the oblique action of 
the suspension chains gives rise to horizontal forces which 
must be counteracted. But the material by which this 
counteraction is produced, is situated outside of the piers or 
abutments supporting the spans, and consequently, do not 
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add to the weight to be sustaijied between said piers or 
abutmeDts. Therefore, a less proportion of the strength 
of the material is exhausted in sustaining the structure it- 
self. 

But wo have seen that the weight of a bridge increases 
in the duplicate ratio of the increase in Jength, while its 
power of sustaining weight,, only increases in the simple 
ratio of increase in length ; and the limit of the practi- 
cable length of span is, when the weight becomes equal 
to^the whole power of the material to sustain. 

It is manifest, then, that the trussed bridge will sooner 
reach that limit than the suspension bridge, the latter 
containing ^ less amount of material in proportion to its 
strength, or power of sustension. 

If the trussed bridge require fifty per cent more mate- 
rial for a given length to sustain a given weight, than a 
suspension bridge, the latter will sustain its own weight 
till the square of dts length is fifty per cent, greater than 
the square of the greatest length at which the former can 
sustain itself. 

This advantage of the suspension principle, renders it 
worthy of some consideration for very long stretches, 
where the weight of the stiiicture forms so large an item 
in the whole amount of weight to be supported. 

Suspension bridges have been used with tolerable suc- 
cess for common travel, where the moving load is trifling, 
compared with the weight of the structure itself. The 
most important one now in use in this country, is r that 
over the Schuylkill, near Philadelphia, being 343 feet 
long, and 27 feet wide. It is sustained by wire cables 
passing over towers at the corners of the bridge, the ends 
of the cables carried down obliquely and anchored into 
the ground outside of the towers, and the central portions 
hanging in a cate^narean curve between the towers. The 
road-way or platform is suspended from these curved 
c&bles. This is the general plan of constructing suapon- 
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sion bridges, using gometimes wire cables, and sometimes 
chains formed by connecting bars of iron. Much longer 
ones have been constructed in Europe, even two or th^^e 
times %8 long as the Schuylkill bridge, some of which 
have endured, while others have failed. 

A serious difficulty in the use of suspension bridges is, 
the want of fixedness or stability among the parts. The 
curve of the chains being left to find its own equilibrium, 
yields to every force that tends to disturb that equilibrium, 
and hence arises an undulatory motion, whenever the 
bridge is exposed to the passage of heavy loads, or to the 
action of strong winds, which is frequently attended with 
disastrous consequences. This quality renders these 
bridges utterly unfit for rail road purposes, as they are 
usually constructed. No plan has yet, as I believe, been 
devised and successfully executed, to obviate the diffi- 
culty. Similar obstacles are encountered, to those alluded 
to in spoGiking of the feasibility of sustaining the horizon- 
tal thrust of truss bridges by the action of abutments and 
piers. 

I have a plan which is believed to be original, and 
which is certain to obviate the difficulties of undulation, 
and render the suspension bridge as applicable to rail 
roads as to common roads. It is not, however, to be 
expected, that a bridge can be built that will sustain a rail 
road train of hundreds of tons, at so small an expense as 
will suffice for a common road bridge, seldom required to 
support moro than a few thousand pounds. 

LXV. This is my plan. Divide the stretch into a con- 
venient number of parts, of 25 or 50 feet, or any conven- 
ient lengtb ; as by the points hjcd,ej[,^ Fig. D., PI. 5. At 
each of these points is to be provided support for a 
weight, say of one ton to each foot between each two of 
these points, in addition to the weight of a proportionate 
part of the structure^ The fdnher of these weights may 
be represented by «r, and the^ latter by vafy aad their sum 
by W. 
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Now, from a to 5, let there be an inverted arched truss, 
the horizontal and vertical parts being of cast iron, (the 
former, hollow cylinders,) and the rest of wrought iron. 
Let the end b, of this truss, be sustained by a qjiain or 
cable hb, descending obliquely from the top of the support- 
ing tower ah. If ab=ah, which we will suppose for the 
present, the chain hb must be sufficient to sustain a 
8tress= WV2 and the horizontal hollow cylinders ab, must 
sustain a negative strain or thrust equal to TF+the action 
produced by the extreme tension of the curve chain akb. 
We have now provided, (considering the points a and k 
to be fixed,) support for the point &, and for the space ai. 

For the point c, let fall two chains, he and ic, the former 
{he) being capable of sustaining a stress equal to | W>/5, 
and tc, capable of sustaining a stress equal to f PF'\/17. 

For the point d, the two chains hd and id, each capable 
of sustaining' ^PF'n/ 10, will be sufficient. 

The points e andy are provided for in the same man- 
ner aa b and c. It is obvious that any other n-umber of 
points might be assumed, the same principle being applied 
to support them. 

If the distances be, cd, &c., be greater than can be 
economically spanned by simple beams, truss-work may 
be employed to advantage, either of wood or iron, upon 
some of the general plans, previously, or hereafter to be 
described in this work. 

Similar provisions by bracing, &c., must be resorted to 
to guard against lateral swing, as is made use of in the 
case of truss-bridges. 

In order to secure the permanency of the point h, and 
prevent the tower from being drawn inward by the tension 
of hb, hCf &;c., a guy chain hi, descends obliquely, with 
an inclination equal to that of the resultant of all the 
antagonist forces, and of a strength equal to the aggre- 
gate of those forces, (or their resultant, according to the 
mode of arrangement.) 

i>2 
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The chains hh^.he, hdy &:e., »houl^be supported at suit- 
able intervalsy to prevent them from assuming a curred 
form, by which they would, in a measure, be liable to the 
same difficulties from undulating motion as the common 
suspension bridge ; though, to a much less degree. This 
support may be givea to. the chains by vertical rods or 
studs running up from the pTatform, or by a curved chain 
hmni, from which those below may be suspended, and 
those above, supported by stiff rods. Whatever may be 
supported by this curved chain, will leave so much less 
to be sustained by other parts of the structure, and the 
latter may be proportionally smaller. 

To estimate the quantity of iron in this structure, let us 
assume a^=450, and a^=75 feet=aJ. Now, the mate- 
rial in each part, is as the stress multiplied by the length 
of the pait. But the stress is as the weight sustained, 
multiplied by the length, therefore, the material is as the 
weight, multiplied by the square of the length. 

Making oJ=l, 7i5 will be equal to >/2 and hh'=2. 
But the weight sustained by hb,=^W» Hence the mate- 
rial in hh may be represented by hb' W=2 W, 

Again, hc^ =hd^ + ac^ =1^ +2^ =5, and the weight sus- 
tained by hCf being |TF, the material will be represented 
by ^WX5=\^W. 

In like manner, the material in hd, may be represented 
by i WX 10=5 W, and the material in he, by } 1^17= y W. 

Adding these amounts together, we have 16W to repre- 
sent the material in hb, he, hd, ond he, and 321^ for the 
same, together with the coiTesponding chains ci, di, &c. 

Now, the unit in this expression =75 feet, and PF=150,- 
000 lbs. plus \ the weight of the structure between piers, 
which we will assume at 66,000 lbs., making W=216,000 
lbs. 

To sustain this weight at 12,0001bs.to the square inch,will 
require 18 square inches cross section of iron, or about 
60 lbs. to the foot. This multiplied by 75, gives 4500 lbs., 
which substituted for W in the expression 32 WT, 
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gives 144,000 lbs., as the weight of material in the parts 
in question. 

The tension of the guy hi, will be about 5^ TFand the 
length, say 250 feet=3j ab. Therefore the material in 
hlf will be represented by 18^ W, and a like amount for 
the opposite end^ making 36|- W, whi«h giye& 165,000 
lbs. as the weight of material, making a total of 309,000 
lbs. for main suspension chains or cables. To thia should 
be added, probably, 20 per cent for vertical support to 
chains, extra weight at joints, or connections, making 
371,000 lbs. 

We now want 5 heavy cross bearers at hx.d, &c., for 

which say 12,000 lbs. cast, & 8,000 wrought, 

6 truss bridges of 75 ft., 48,000' « *^ 48,000 " 
Cast iron saddles on 

towers, &c., 12,000 " " 

Horizontal guys and di- 
agonals to prevent 

lateral swing, say ^. ►- - • 10,000 " 

Add amount fr'm above 371,000 " 



Total, 72,000 427,000 

This makes the weight of iron, in round numbers, 500,- 
000 lbs., of which, say 300,000, are between piers. Add- 
ing to this 7O>000 lbs. for rail track, makes 370,000 lbs., as 
the weight of that part of structure between piers. Now, 
the structure is calculated to sustain 6 1^"= 1,296,000 lbs., 
from which, deducting 37Oj000j leaves 926,000 as the ef- 
fective strength of the bridge* 

In a preceding article, (62) I made the amount of iron 

in a 450 feet truss-bridge, by liberal estimate, about 

600,000 lbs , and the effective strengh 900,000 lbs, : 
from which it appears that the truss bridge requires about 

100,000 lbs. more iron to sustain the same weight, than 

the suspension bridge. But it does not follow that the 

expense would be in- the saxae "gTO^Qft^orcu ^\!k.^^ ^ycs?^ 
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trary, the suspension bridge would cost considerablj 
more, in consequence of being mostly of wrought iron, 
while the truss-bridge is composed of one half cast iron, 
which does not cost more than half as much for the same 
quantity. 

Besides this, the towers to support the suspension 
bridge, and the pits for securing the guys» add greatly^to 
the expense. 

I conclude then, that unless some better and more eco- 
nomical plan can be devised for adapting suspension 
bridges to R. R. purposes than I have yet met with, the 
truss bridge is decidedly preferable for any thing less 
than 500 feet, unless it be in very peculiar circumstances, 
and such as have never come within my observation. If 
cases should occur warranting attempts to construct R. R. 
bridges of greater stretch than 500 feet, the suspension 
might deserve a preference. But such will occur so 
rarely, if at all, that I choose to leave them for the special 
investigation of those into whose hands their manage- 
ment may fall, rather than devote to them, in this work, 
the time and space which I consider would be more 
profitably occupied in matters more within the range of 
ordinary practical, bridge building. 

I will here make one remark in reference to the pro- 
posed '' Niagara Suspension Bridge." 

I have seen it stated that the plan proposed is, " the 
combination of the suspension chains, (or cables,) with a 
heavy cast iron arch," which, it is thought, will obviate 
the difficulties of ondulation. 

How much or how little this may differ from a truss 
bridge, I can not judge, without a more full description 
of the plan than I have yet seen. I will hazard the opin- 
ion, however, that the modification of th« truss shewn in 
Fig. 26, is better suited to the purpose than any combina- 
tion of arches and suspension chains that can be devised. 

The banks of the river being very high, the bridge 
would be so placed as to have the rail track on the top^ 
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while a passage-way for carriages and common travel 
could be arranged underneath, perfectly secure from all 
danger, except, perhaps, that of frightening horses by the 
passage of trains overhead: It would probably be best, 
however, not to suffer horses to go on to the bridge when 
trains were in hearing. 



WOODEN BRIDGES. 
Preliminary Bemarlis upon tlie Strengtli of Timber, &«# 

LXVI. The qualities of wood as a building material, 
have been extensively treated of by authors, with whose 
works the public have long been familiar, with a degree 
of ability and research to which I can make no preten- 
sions. I shall therefore only simply state the conclusions 
I have arrived at, from reading and observation, with re- 
spect to the average absolute strength, (positive, negative, 
transverse, and to resist splitting, in certain cases,) of the 
timbers principally in use for building purposes, as also, 
the forces they will bear with safety in various circum- 
stances. At the same time, I shall, of course, leave it to 
others to adopt my conclusions for their own practice, or 
to modify or correct them, according as their greater 
experience or better judgment may dictate. 

Pine timber in this section of country, is perhaps to be 
ranked as the most valuable timber for building, in use.-^ 
White oak and some other varieties are prefen*ed for 
some purposes, as being harder and somewhat stronger, 
and especially , better calculated to bear a negative or 
crushing force, whether acting parallel with, or at right 
angles to their fibres. But in what follows, I shall princi- 
pally have reference to the ordinary white pine of this 
country. 

Some, writers and experimenters estimate the absolute 
positive strength of pine, at 10,000 lbs. to the square inch . 
of cross section, and the safe practical streng;th at <»\fik- 
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fifth of this amount, or 2000 lbs. to the square inch. I am 
not in possession of facts that would warrant the conclu- 
sion that this estimate for the absolute strength is too 
high. But I have been induced to adopt the i*u]e for 
practice, of not relying on pine to sustain more than 1000 
lbs. to the inch, for that poition of the piece not cut or 
separated to form connections with the rest of the struc- 
ture. 

The negative strength of pine is not over about half the 
positive strength. But I consider it reliable under a 
crushing force, (parallel with its fibres) of 1000 lbs. to the 
square inch, in pieces of a length not more than five or 
six times the diameter. And for pieces of the length of 
18 times the diameter (or side of the square) I would 
trust it with 700 lbs. to the square inch. ' 

From a length of 18 down to 6 diameters, I would add 
pro rata of the difference between 700 and 1000 lbs., and 
from 18 diameters upward, make use of the rule given in 
regard to the negative strength of iron. 

The following table, giving the lengths of pieces in 
terms of the sides of their cross-sections, or their diame- 
ters in the directions in which they are liable to be deflec- 
ted, and the number of pounds to the square inch which 
they may be relied on to sustain with safety, may be of 
utility in practice. For lengths above 40 diameters, the 
strength is reckoned as the cube of the diameter divided 
by the square of the length. 




Pounds. • Lntgtk. { Pounds. J^ev^th. I Poutids. 



460 


50 I 


410 


55 


370 


60 


336 




307 




283 




263 


■ 


229 




176 





143 

lis 

100 



■'*r*S« 
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Transverse Sti*enf^th of Wood. 

XL VII, Pine will hear a ti-ansverse strain of 1500 lbs. 
to the square inch of cross section ; i. e., the projecting end 
of a beam will sustain, at a distance from the fulcrum equal 
to the depth of the beam, 1500 lbs. for each square inch in 
its cross scclion. Or what amounts to the same, a beam 1 
inch square upon supports 2 inches apart, will sustain in 
the middle, a weight of 3000 lbs. 

I have therefore, adopted 250 lbs. to the square inch, as 
the safe load for pine when acting transversely ; and to 
calculate the safe load for a projecting beam, this quan- 
tity must be multiplied by the cross section and the depth, 
and divided by the distance of the load from the fulcrum. 

For the safe load in the middle of a beam supported at 
the ends, take four times the above amount, or 1000 lbs., 
multiply by the cross section and the depth, and divide by 
the length between supports. 

In order that a piece of timber may act by tension, it 
is necessary to cut off a portion of the fibres, so as to form 
a head, or shoulder reversed from the end, for the stretch- 
ing force to act against; and that the strength of the piece 
may be made available for as great a portion of the 
length as may be without having the shoulder split off, it 
is important to know the power of the material to resist 
that kind of action. 

Let ab, Fig. 27, PI. 6, represent a shoulder by means of 
which the stick is made to act by tension. The area ah 
should contain about 1 square inch for every thousand 
pounds to beapplied to it. Now if ab be too nigh the end 
of the stick, the part abed will be split and thrust off from 
the end. I find by experiment, that, to produce this effect 
upon straight grained pine, requires a force of nearly 600 
lbs. to the square inch in the area of cleavage, efcb, I 
would therefore, in practice, allow 1 square inch for eve- 
ry 100 lbs., which would require ef to be equal to 10 ae. 

If the shoulder be in the central part of the sticky -^a 
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by a mortice or pin-hole, two cleavages must be made 
from the hole to the end in order to force the part out, 
consequently, the distance from the hole to the end, need 
be only five times the width of the hole ; i. e., <*n inch hole 
should be 5 inches, and a two inch hole, 10 inches from 
the end. 

Timber is sometimes liable to be crushed by forces act- 
ing transversely to its fibres. If the pressure be applied 
to the whole side of a piece, the pressure should not 
exceed 150, or at most 200 lbs. to the square inch, in prac- 
tice. 'If the pressure act on one-half or less of the sur- 
face, it will bear from 300 to 500 lbs. to the inch without 
yielding so as to endanger the work. Hard timbers will 
bear from 20 to 50 per cent. more. 

From what has been said, it follows that for a piece to 
act to the best advantage by tension, if the connection be 
made all at the same point in the length, the piece must 
be cut half off, so as to form an area of shoulder equal to 
the cross section of the remaining part of the stick. But 
if several shoulders be made, a less number of the fibres 
will require to be separated. 

If, on a piece 4 inches thick, instead of a shoulder of 2 
inches,' at 20 inches from the end, we make two of 1 inch 
each, one at 10 and the other at 20 inches from the end, 
we have the same area of shoulder, and fifty per cent, 
more fibres to act by tension, which may be made availa- 
ble by cutting another shoulder at 30 inches from the end. 
Thus a greater portion of the fibers, but a less portion of 
the length is made available. 

In the same mannet, if a piece be connected by pin- 
ning, requiring two pins of 2 inches diameter, at 10 inches 
from the end, four 1 inch pins, two at 5 and two at 10 
inches, (if stiff enough,) will give the same shoulder sur- 
face, and require the cutting of only half as many fibres ; 
and two more pins, at 15 inches from the end, will give 
three-fourths of the whole amount of fibres available. In 
case the smaller pins are not stiff enough, they may be 
of an ohlong section in the direction of the strain. 
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A still further reduction of the depth of shoulder, or 
width of pin, will make a still larger portion of the fibres 
available, but not so much lengthy and experience and 
judgment, with a little calculation, will dictate the proper 
medium in this respect. The limit in theory, is, when the 
shoulders are infinitely small, in which case the whole 
amount of fibres becomes available. Bui in practice, I 
would only estimate from one-half to two-thirds as availa- 
ble for tension. This reduces the safe load for pieces act- 
ing by tension, to from 500 to 700 lbs,, (I usually lake the 
former,) to the square inch, for the whole cross section. 

I shall not, perhaps, find a more suitable place to make 
a few general remarks upon the merits and use of pins 
for connecting pieces of timber. I am much in favor of 
the use of iron pins and bolts for this purpose, especially 
for connecting pieces that cross, or meet one another at 
an angle. Wooden pins in such cases, do not possess 
sufficient strength in proportion to the surface, unless 
made so large as to cut the timber too much. Moreover, 
the action on the pin tends to crush it laterally, in which 
direction the hardest timbers do notoffer so much resist- 
ence as the ends of the fibres to which they are opposed. 

Where pieces are connected with their fibres parallel, 
wooden pins or keys with the cross sections elongated 
in the direction of the grain, to give them the necessary 
strength, may be employed without too much cutting of 
the timber; but as just remarked, the key is liable to yield 
before the ends of the fibres cut, are taxed to their full 
capacity, and consequently is poorly adapted to the pur- 
pose in any case where the utmost strength is required. — 
But when the grain runs in different directions, the hole 
can not be elongated without too much cutting of at least 
one of the pieces. Suppose a piece to be connected by 
a pin between two others. The pin should be strong 
enough to bear as much strain as the opposed surface can 
sustain. Now, this can scarcely be accomplished by 
wooden pins, as has just been remarked. But^^ &^€^- 
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cieutly stifT, the pin may yield somewhat without injury 
to its strength. The transverse strength of pin timber 
may be taken at about 300 lbs. to the inch. The formula 
4x300a^-r/, (a=cross section, and (f=diameter of pin,) 
gives the amount that the pin will bear in the middle.— 
Now I, in this case, is equal to 1^ the thickness {t) of the 
middle piece of timber, and the effect of the force exerted 
by said middle piece, is two-thirds of what the same force 
would produce if concentrated in the middle of the pin. 
We have, then, 4 x IJ X 300aJ-Mj/, =1200aJ-r/=8trength 
of the pin. 

But the opposed surface will bear lOOOtd. 
Putting this expression equal to the former, and deduc- 
ing the value of d, in terms of ^, it will shew the smallest 
diameter of a wooden pin strong enough to bear as much 
as the opposed surface. 

This gives d a trifle (about 2} per cent,) larger than k 
In the same manner, 4x I^x5000ac2-T-1^^, represents 
the strength of an iron pin in the same circumstances ; 
and putting this equal to 1000^ J gives the most economi* 
cal diameter of an iron pin =, 252/, and the length =2t. 

Since the pieces a and c, [Fig. 28,] require each hall* 
the thickness of the piece b, and since the diameter of 
the pin should be about ^t, it will be equal to ^ the thick- 
ness of a or c. Hence, when a piece is fastened on by 
spiking, the spike should have a diameter equal to j^, and 
a length from 3 to 4 times the thickness of the piece 
spiked on, in order to secure the greatest effect, for the 
amount of material cut off by the spike hole. 

When the end bearings of the pin act transversly to 
the grain, they require at least 50 per cent more extent 
of bearing, which increases the value of I in the formula 
to If/, and the effect of the force upon the middle portion 
to 4 of the effect of the same force acting all at the centre. 
The equation for the proper diameter of the pin, then, 
will be 4k X l^ X dOOOad-T- l^t= 1000 td, whence J=,283<, 
and the length, 2it, 
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Splieingr* 

This is an important operation, and may properly 
claim consideration in this place. 

Fig. 29, PI. 6, is a form of splicing in which ^ of the 

fibres are made available ; the depth of the locking 

being equal to ^ the thickness of the stick. The length 

of the lap should be 10 times the depth of locking each 
way, or 20—3 =6| of the thickness of the stick.* 

By two lockings, as in Fig. 30, PI. 6, one-half the fibres 
are available, with a lap of 10 times the thickness of the 
stick. 

With three lockings, on the same principle, | of the 
fibres are available, with of a lap of 12 times the thick- 
ness, and by lapping 13^ times the thickness, we make f 
of the fibres available. Finally, by a lap of 20 times the 
thickness, and an infinite number of lockings, the whole 
amount of fibres would be available. 

But this, of course, is a limit not attainable in practice. 
From ^ to |, say ^, on an average, is as much as can be 
reckoned on, and this is as much as can usually be made 
available at the end connections. 

Splicing may be done by lapping with a plain scarf, as 
in Fig. 31, PI. 6, and bolting, pinning and spiking the 
parts together. If the pins and spikes be properly 
arranged and proportioned, a strong splice may be 
formed in this way, with a less lap than on the preceding 
plan. But the expense will usually be greater, and on 
the whole, the locked splice is generally entitled to a 
preference. 

Timbers may also be connected by iron straps and bolts, 
either with or without a lap. The aggregate cross sec- 
tion of straps should be about 1 inch for every 10 to 
15,000 lbs. strain which the splice is intended to bear. 

The diameter of the bolts fastening the straps, should 

* In this splice, the power being applied at the reversed shoulder, out of the 
line of the unbroken fibres which resist the power, the tendency is to throw 
the ends outward, and produce a degree of lateral actio\v,v^Vsk.0a^<s1xv'?:^«^BS>^^ 
weakens the timber beyond the propoitioti \o \)aa ^Tt^ ^>ax. 



100 

be from i to ^ the thickness of the timber, to secure the 
greatest effect according to the fibres cut by the bolt hole. 

To connect two sticks twelve inches square, so as to 
make half the fibres available, take 6 straps, two feet long 
from hole to hole, (three straps on a side,) and six 2 inch 
bolts, as shewn in the figure 32, PI. 6. The straps should 
contain each, 1 square inch cross section, or a little more, 
in p11 parts. 

This will take, say 150 lbs. of iron at 8 cents,.. 4(1 2,00. 

To form a splice with 2 lockings, 10 fl. lap 
will cost, for lOc.ft. timber at 30 cts., $3,00 

40 lbs. iron at 8 cents, 3,20 

Extra labor, 1,00 

7,20 

Difference, $ 4,80 

The splice with iron straps will cost near $5,00, or 68 
per cent more, for a 12 inch timber, than the lap and lock 
splice. The same proportion may not hold for all sizes 
of timber, but there can be little doubt that the lap and 
lock plan is the better and more economical mode of 
splicing. 

I will now proceed to the application of the preceding 
general facts and deductions to the construction of 
bridges. 

It is not necessary to allude to bridges of less than 12 
or 15 feet, simple beams being sufficient for such cases. 

Plan of a 20 ft. Bridi^e for Rail Roads, 

Applicable for Stretches from 15 to 25 ft.— [See Fig. 33, Pi. 7.] 

In this plan, A represents a side, and B^ an end view of 
one truss; and C, atop view of the bridge. The scale is 
distorted, in order to shew the details more distinctly, 
without making the figure of an inconvenient size. The 
lengths of pieces are on a scale of 1 to 100, and the widths 
or diameters, 1 to 30. The angles are in their true pro- 
portions. 
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The truss is composed of a horizontal stringer, 5 inches 
deep' by 6 inches wide, two main braces 6 x 5, 2 pieces of 
hardwood plank 6X2, and about 2J feet long, spiked 
on to the lower side of the stringer at the ends ; 2 bolts 
f inch, to secure the lower ends of the braces, with clips, 
or washer plates under the heads and nuts ; and 2 bolts, 
1 inch diameter, passing from the vertex of the braceSi 
divergently down through the transverse beam, as seen at 
B. Under the heads of these bolts at the vertex, is a 
plate fitted to the wood, about ^ inch thick, and at least 24 
square inches in area. Between the two nuts and the 
lower side of the beam, are plates of the same thickness 
and same aggregate area, to prevent the nuts from bed- 
ding into the timber. 

The lower ends of the braces toe into the horizontal 
stringer, by two shoulders ; the extreme one, f of an 
inch deep, and the other 1^ inches deep, and at least 20 
inches from the end of the stringer. 

The bolts supporting the transverse beam, diverge 
each at least 5^ from the perpendicular, to secure the 
upright position of the truss, and equal tension of the 
bolts. 

The trusses should be about 14 feet apart in the clear, 
and the cross beam 12 inches wide by 14 deep ; or greater 
depth and less width, when practicable. It should be 
secured by bolting, spiking or other means, to the lower 
side of the stringer. Or, in some cases, it may be above 
the stringer with advantage. 

For the horizontal braces shewn at C, 2 by 6 inch stuff is 
sufficient; and they should be spiked to the under side of 
the rail timbers. 

The rail timbers should be at least 10 X 12 inches. 

Bed pieces 3x12, on the abutments, under the ends of 
the trusses, may or may not be used. 

This bridge will take a trifle less than 100 cubic feet of 

timber, including, or 55 £t, without the rail timbers ; and 

about 135 lbs. of iron. 

e2 
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To adapt this plan to a greater or less span than 20 ft., 
the cross section of parts acting by tension should be 
varied in the same ratio as the length of span. Those 
acting by thrust, should be varied at a rate between the 
simple and the duplicate ratio of the variation in leng^th. 

I prefer a reference to general facts and principles, to 
rules and formulae, the reasons for which can not be 
taken in at a view. I have given illustrations of the 
modes of detet*mining the maximum forces of every kind 
to which each piece in the truss is liable ; also, the power 
of resistence of the material in the various circumstances 
in which it may be placed. I will here add the following 
general directions, which, if attended to in arranging the 
proportions of abridge, will be pretty likely to ensure its 
sufficiency for the purpose it is intended for. 

Estimate the kind and amount of force to which each 
piece is liable. If it be tension, see that there be at least 
1 square inch of unbroken fibres, for every 1000 lbs. of 
tension. If a negative or crushing force, parallel with 
the fibres, consider the length between supported points, 
and the least diameter of the piece, and then see whether 
the strain per squai'e inch, is greater than the amount 
given in the table of safe negative resistence of timber, 
for pieces of such proportions, and if necessary, change 
the dimensions accordingly. See that the pressure upon 
the end of the grain, be not more than 1000 lbs. to the 
square inch, and at right angles with the grain, from 150 to 
500 lbs., according as the pressure is upon the whole, or 
only a small portion of the surface. 

As a piece can only be made to act with tension, by 
cutting a portion of its fibres, and applying the force to 
the reversed ends, be sure that at least an inch area of 
fibres thus cut, for every 1000 lbs. of tension, bo opposed 
to the pressure of the straining force. 

Where an iron pin secures one piece between two oth- 
ers, acting in the directions of the fibres throughout, see 
Ijhit the diameter of the pin be about i the thickness of 
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the middle piece, and extend into each of the out side 
pieces to the length of J the thickness of the middle 
piece. If the action of the pin be transversly to the 
fibres, give it at least 50 pei' cent more bearing surface for 
the same pressure, than where it acts on the ends of the 
fibres, and make the diameter not less than ,28 the thickness 
the middle piece. Where pressure acts on the reversed 
ends of fibres, tending to force them out or off from the 
end of the stick, be sure that the amount of cleavage, be 
not less than one square inch for each 100 lbs. of force. 
See that the transverse strain of timber, and the positive 
stress of iron, are in all parts within the limits of safety. 

Finally, see that every force that tends to break or 
derange the structure, have an adequate counteracting 
force opposed to it, and attend to such minor details as 
cannot fail to suggest themselves while attending to the 
above enumerated points, and the chance of failure must 
be exceedingly small, if failure be even possible. 

24 to 36 ft. Span. 

For this range, probably no better general form of 
truss can be adopted, than that shewn in Fig. 4, page 9. 
The principal details are the same as in the above 
described plan of a 20 ft. bridge. The foot of the braces 
are secured in the same manner, the amount of bearing 
surface being increased to correspond with the increased 
pressure. The upper ends of the braces should be made 
square, and the upper horizontal piece, beveled so as to 
fit the braces. The small cross braces toe into the upper 
and lower horizontals, the one being 3X7 inches, (for a 
30 feet bridge,) and edgewise to view, the other 3X5, flat- 
wise to view, and passing through a mortice in the centre 
of the former. 

The transverse bearers are the same size, and sustained 
in the same manner by bolts diverging downward, as in 
the 20 feet bridge. Also, the horizontal braces are 
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arranged the same, but should be a little larger, except 
the middle pair ; say 2^ by 6 inches. 

The dimensions of the parts of the truss for a 30 feet 
bridge, should be, for the lower stringer, about 6 inches 
deep by 7 wide. The braces and top piece, 7 inches 
square. The sizes of the cross braces have been already 
given. The bolts at the feet of the braces, f or 1 inch in 
diameter. The suspension bolts, about 1\ inches diam- 
eter. 

The truss should be about 7 feet from top to bottom, 
for the proportions of parts above given. 

A 30 feet rail road bridge will require 180 cubic feet of 
timber, (including 64 cubic ft. of rail timbers,) and aboat 
375 lbs. of iron. 

Plan for a 40 Feet Bridge, 

Applicable for any length between 36 and 48 feet, and not confined within 

those limits.— [See Fig. 34, PI. 8.] 

Scale for lengths of timbers, 1 to 100 ; other dimensions, 1 to 30. 

In this truss, the upper and lower horizontal stringers 
a and &, are each composed of two pieces, 6 inches deep 
by 4 inches thick, and placed 6 inches apart. 

The brace c, is 6 x 14, edgewise to view, with 6 
inches cut out of the middle, at the upper end, to make 
room for d and e. At the lower end, it is fitted into a box- 
ing of 1 inch depth upon the upper and inner sides of 
the stringers a, while the middle portion, 6 inches in 
thickness, runs down to the abutment, being beveled off 
even with the lower side of a. 

The vertical, d, consists of 2 planks, 8 X 2^, placed 3 
inches apart, to receive the upper end of e, and a 3 inch 
tenon formed on the lower end of yj between. 

There is a boxing 1 inch deep at each end to let in the 
upper and lower stringer pieces, and the vertical pieces 
should extend at least 6 inches beyond the boxing. There 
is also a boxing in d, just above the stringer a, an inch 
deep, in the edge, to receive the cross bearer, and the 
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cross bearer is boxed 4 or 5 inches Jeep, to receive the 
verticals d. 

The diagonals yyj 3^X7 inches, are locked or ten- 
oned together at the upper end, and fitted into a half inch 
boxing on the inside of the upper stringer b. In the cen- 
ter is a mortice 3X7 inches for the piece e to pass through. 
The lower end is reduced to 3 inches wide between the 
pieces d, and 4 inches at the end, having a head, or 
reversed shoulder fitting a triangular boxing inside of d, 
shown by dotted lines. 

The diagonals e,e, are secured each by 2 bolts of IJ 
inches diameter, and a few spikes at the upper end ; and 
at the lower end, they are halved and locked together, 
with a piece of 2 inch plank, 2^ feet long, locked, bolted, 
and spiked onto each, and extending across the other to 
the end. These short pieces, being reduced to 1^ inches 
thick, except for 6 inches at the upper end, which forma 
the locking, they just fill the 6 inch space between the 
stringer pieces. Two bolts of Ij inch iron, through 
stringer and diagonals, with a few spike, complete the 
arrangement at this point. 

To secure the vertical position of the truss, a brace and 
tie runs up from a point in each cross beam, about 2^ feet 
from the centre of the truss, to or near the top stringer, 
being secured at each end so as to act by either tension 
or thrust, with a force of some 2000 lbs. each. Perhaps 
the best arrangement for this purpose is, to use a 3 inch 
square, or 3 X 4 scantling for the brace, with a f iron rod 
running beside it for the tension. These are not shewn 
in Fig. 34. 

If the lower stringers can not be obtained of the whole 
length, they may be spliced by a two-lock splice between 
cross beams, with a piece of 2 inch plank about G feet 
long, which will extend 16 inches beyond the lap each 
way, well spiked on to the inside. Six inch pressed 
spike, (^ inch iron,) the points drawn about an inch for 
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clenching, with a portion of five inch spike, may be used 
to advantage in this splice. 

But the splicing at best, adds considerably to the 
expense, and it is better, when practicable, to obtain 
stringers of the full length, even at a considerable extra 
cost per foot. 

The amount of materials for a 40 feet railroad bridge 
on this plan, is estimated at 306 cubic feet of timber, and 
400 lbs. of iron. 

Plan of a 60 Feet Rail Road Bridge, 

APPLICABLE FROM 48 TO 72 FEET WITH ADVANTAGE. 

Scale for Length of Pieces, 1 to 100 ; other Dimensions, 1 to 30. 

LXIX. Figure 35, PI. 9, shews a side view from one 
end past the centre. 

The lower stringer a, is composed, as in the preceding 

plan, of two portions, each 9 inches deep by 5 wide, with 

a space of 11 inches between, from the end to the point 

a, about three feet from the second cross-beam from the 

end. Thence, a 2^ inch plank extending to within the 

same distance of the opposite end, is added to the inside 

of each portion, reducing the width of the space to six 

inches. These plank are well spiked at the ends, say 

with 3 spike, f square by 7 inches long, at each end of 

each plank, two being placed six inches apart, and 3 or 
3^ from the end, and the other in the centre, and 7 or 8 

inches from the end. It would be better, perhaps, that 

one or two of these, should be f or J screw bolts. 

The 5 X 9 part of the Stringer may be spliced by the 
double lock splice, centrally opposite the second bearing 
point, or any where between the second and fourth. If 
spliced at the bearing point, the transverse bolts which 
secure the diagonals, will strengthen the splice at the same 
time. The splice, of course, should be farther assisted by 
spike and small bolts, and these should in general, be at 
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least five times their diameter from the lockings, or from 

^ the ends of the pieces. 

The top stringer is composed of two 5X8 portions, 9 
inches apart, with a 2 inch plank on the inside of each, 
extending from the second to the fourth connecting point, 

^ or half the length of the stringer. The parts in the top 
stringer may be in two or more pieces, meeting by square 
ends, or lapped a few inches and halved, without locking. 

^ The end braces are each composed of two pieces, 8 

inches deep by 7 wide, and 5 inches apart, with a block 
at the lower end and the centre ; the latter having a f 
bolt passing through it, and thus connecting the two por- 
tions of the brace. The block at the lower end is secured 
by the main bolt connecting the brace with the ends of the 
stringer pieces. 

> The lower end of the brace is fitted into a 1| inch 

triangular boxing on the inside, and a 1 inch boxing on 
the upper side of the stringer pieces, as shewn by the dot- 
ted lines in the figure ; the boxing on the upper side, only 
extending to within one inch of the outside of the string- 
er ; the lower stringer being two inches wider from out. 
side to outside, than the brace and the upper stringer, 

^ The brace meets the end of the upper stringer by a 

bevel joint bisecting the angle formed by the two ; the 
brace pieces being cut away upon the inside, where they 
interfere with the vertical. 

^ The vertical, v, is composed of two pieces of 8x4, with 

a space of 4 inches, to admit the diagonals b and c be- 
tween. Each part of the vertical has a 1^ inch boxing at 

^ the upper end, to receive the inside of the upper stringer 
and main brace pieces, with two 1| inch bolts passing 
through the whole. There are also at this point, two f 
inch iron pins, passing through the vertical pieces and ^e 

^ diagonal h, but not through the stringer or brace pieces. 
These pins should be, one directly under each of the bolts, 
but not cutting the same fibres in h, as are cut by the hoU 
holes. The vertical should extend about nine inches 
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above the top of the stringer, and the diagonal b, 9 or 10 
inches beyond the bolt holes. The vertical recieves thm 
lower stringer pieces into a \ inch boxing, and also re- 
cieves between its two parts, a 4 inch tenon upon the low- 
er end of the diagonal c, which is 4 x 9 inches, and stands 
edgewise to view. There is also an inch boxing on the 
edge of the vertical, just above the stringer, to receive the 
cross bearer; which latter is boxed 5 inches deep to receive 
the vertical, as in the case of the last plan. It is desirable 
that the centre of the beam should be brought nearer to 
the centre of the vertical, but a good plan for effecting it 
has not occurred to me. The arrangement here adopted 
can not, however, be very objectionable. 

The vertical pieces extend 5 or 6 inches below the bot- 
tom of the stringer. Two 1| inch bolts placed diagonally 
about 7 inches from centre to centre, and passing through 
stringer, vertical and diagonal pieces, as shewn in the fig- 
ure, complete the connection at this point. 

The diagonal b, (being 10X4 inches,) passes through a 
mortice in the centre of c, and also through a mortice near 
the lower end of the diagonal e. The latter piece being 
7X4 inches, has an oblique shoulder of ^ an inch on each 
side, fitting into a triangular boxing of corresponding depth 
on the inside of the stringer. Two 1^ inch bolts pass 
through the whole, and a 1^ inch pin, 7 inches long, 
passes through b about midway of its width and close to 
the under side of e, with a j- inch plate, 3 inches long 
by 2 inches wide, for each end of the pin to bear on. 

The cross bearer at this point is boxed on, so as to bear 
upon both the diagonals and the stringer pieces. 

At the upper end of c, is a mortice 3X9 inches for the 
end of d to pass through; d being also 3X9. On each 
side of c, is a shoulder of 1 inch, oblique to the piece, but 
in a vertical line, acting against the ends of the inner 
plank of the top stringer ; one inch of the ends of the 
plank being halved off, to let the piece c pass by with a 
wi3di of 7 inches. A 1 j^ inch bolt passes through the 



109 

stringer, and through the centre of c and d. There are 
also two 1 j^ inch iron pins, 7 inches long, passing through 
d on the upper side of c, 4J- inches from centre to centre, 
with two j- inch plates 2X7 inches, for the ends of the pin 
to hear on. These hearing plates should have nail holes 
at the ends. The pieces in all cases, should extend be- 
yond the bolt or pin holes, not less than five times the di- 
ameter of said holes. 

The diagonal e, is halved and locked with its mate at 
the upper end, and fitting an x formed boxing 1 inch 
deep, inside of the stringer pieces, is secured by a 1 J- inch 
bolt through the whole. 

The piece d is halved and locked with its mate at the 
lower end, with a piece of 2 inch plank, 2^ feet long, 
locked, bolted and spiked on to each, as in the correspond- 
ing case in the preceding plan. Two 1^ inch bolts are 
used at this point, each in the centre of the stringer. 

The horizontal bracing is the same in this as in the pre- 
ceding plan, the braces being a little larger towards the 
ends. 3X6 braces will be sufficient, or 3 x 6 at the ends 
and 2^ X 6 in the middle. They may be halved together 
at the crossing point, and spiked to the under side of the 
rail timbers, or one may be placed sufficiently below the 
other to pass without cutting either. 

The bracing and tying to preserve the vertical position 
of the trusses, is the same as in the 40 ft. plan. In this, 
as well as that, the braces may be on the outside of the 
truss, the cross bearers extending some three feet from 
the centre of the truss, to support the brace and tie.— 
These braces are not shewn in the figure. 

It is advisable in all these plans where the erect posi- 
tion of the truss depends on its connections with the cross 
beams, that the latter should be trussed, in all cases where 
they would not thereby occupy too much space vertically, 
as the spring of the beam communicates motion to the 
truss. This is, perhaps, less detrimental in a rail road, 

P 
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than a common bridge, since the steady motion of cars 
has not that tendency to produce vibration^ which arises 
from the trotting of horses. Still, it is an object to secure 
stiffness in the cross beams in all cases. 

Fig. 36, PI. 7, shews a good form for a trussed cross 
bearer for a rail road bridge. All except the two short 
braces is 8 X 8 inch stuff. The two short braces 3X3 inch 
stuff. The long and short bolts, } or j^ inch iron, accord- 
ing to the distance of the cross bearers asunder. The 
truss should be not much less than 3 feet deep in the mid- 
dle, and the line of the centre of the main braces, should 
meet that of the bottom timber, at the centre of the main 
trusses of the bridge. The boxings at the foot of the 
brace should be about IJ inches deep, for the extreme one, 
and about 3 inches for the other. The upper end of the main 
braces should be made square, and the necessary bevel all 
made upon the top piece. This truss, if 3 feet deep, is 
good for about 16 tons. 

The 60 feet bridge estimates at 600 cubic feet of tim- 
ber, and 1,000 lbs. of iron. 

An 80 feet Bridge. 

LXX. On the preceding plan, a truss of 70 feet in 
the clear, requires a height of 12 feet from centre to centre 
of the stringers. For trusses exceeding this height, it is 
very desirable that they should be connected at the top, 
as it is somewhat troublesome to support them independ- 
ently in a vertical position. By adding one or two to the 
number^of pannels, the length maybe increased to near a 
hundred feet with a height of about 12 feet. This would 
answer a tolerable purpose for common roads, and even 
for rail roads, they are frequently built of no greater 
height. But we have seen that there is a loss of economy 
when the length of the truss exceeds about six times its 
height 

Rail road bridges require about 15 feet in the clear, 
above the top ef the rail, which takes about 18 feet 
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lieight o( truss, with the cross beams on the top of the 
lower stringers. By suspending the beams below the 
stringers, 16 feet trusses will give sufficient space. I 
propose the following plan, Fig. 37, PI. 10, for an 80 feet 
bridge, which, by diminishing or increasing the length or 
number of pannels, or bearing points, may be suited to 
any span from 70 to 150, or perhaps 200 feet, with proba- 
bly as good economy, to say the least, as any plan in use. 
The scale of this plan is the same as that of the preceding, 
1 to 100 for length, and 1 to 30 for other dimensions. 

This I call a double-cancelled truss ; there being two 
crossings of the diagonals in the centre of each pannel, or 
between each two consecutive bearing points. 

The lower stringer is formed mainly as in the preced- 
ing plan, being 21 inches in width horizontally, and 9 
inches deep. From the end to within a foot of the first 
cross beam, the space between the two portions of the 
stringer is 13 inches. Thence, to about midway between 
the 2d and 3d beam, the space is 9 inches ; and thence to 
the centre, 5 inches ; and so for the other half. The out- 
side courses are 4 inches thick for the whole length, splic- 
ed with the double-lock splice. Opposite the 9 inch space, 
a 2 inch plank is added, and opposite the 5 inch space, a 
4 inch piece, locked by a single lock on to the 2 inch 
plank just mentioned, as seen in the figure. 

The upper stringer is 19 inches from outside to outside, 
and 9 inches deep. Each half is composed of a 5 inch 
course on the outside throughout, with a 2 inch course on 
the inside, between the points over the second cross beam 
from each end. 

The end brapes J, are in two pieces of 9 X 6 inches, 
with a 7 inch space between ; the lower end fitted into an 
inch boxing inside, and a IJ inch boxing on the top of the 
stringer pieces ; the end resting on the abutment. Be- 
tween the two pieces at the foot, passes the diagonal e; 
being reduced at the end, to a width corresponding with 
the space that receives it. This piece also extendi dj^nrs^ 
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to the abutment. At the top, h forms a bevel joint with 
the top stringer. 

The vertical J, is 12 X 3 inches ; passes through e in the 
middle, and h at the lower end, where d and h are both 
secured to the stnnger by two 1^ inch bolts. The cross 
beam at this point may be let into the edge of d, 3 inches, 
and boxed, so as to bring the centre of the beam within 
4 inches of the centre ofd. At the upper end, d termi- 
nates in two pieces of 2 inch plank, 5 feet long, one on 
each side ; locked j^ or f inch deep, bolted and spiked, so 
as to occupy a space of 6 inches from out to out, and cot 
away on the inside, so as to make room for g, which is 
3 X 12 inches. 

The oblique piece yj 9X4 inches, passes through e, A, 
and k ; being secured at the lower end by two 1{ inch 
bolts, and a 1\ inch pin, 9 inches long, with bearing plates, 
2 or 2^X3 X I inch, on the under side of k. At the upper 
end, y* has 2 pieces of 3 X 12 inch plank about 7 feet long, 
locked on | inch deep, and spreading so as to be 1 1 inches 
from out to out at the end; boxed 1 inch on each outside, 
to receive the top stringer and the brace h; and cut away 
inside, making a space of 6 inches for d. The piece f 
should extend 9 or 10 inches above the stringer. Two 1 J 
inch bolts through the whole, and two 1^ inch iron pins 
through all but the stringer and brace, will be sufficient 
for this point. 

The diagonal e, 4 X.9 inches, at the upper end, has a 
shoulder of 1 inch on each side, cut vertically, and acting 
against the end of the inner plank of the top stringer. It 
has a IJ inch, bolt and 2 iron pins, \\ inch, and 7 inches 
long, through /, on the upper side of e, with bearing plates 
under the ends of the pins. 

The diagonal A, (3J X 9 inches,) and the top stringer, 
are each boxed 1 inch, to let in the width of the other; 
with two 1{ inch bolts, h has 5 mortices, including those 
at the ends, as have also the other diagonals that stand 
edgewise to view in the plan. 
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The diagonal k (3 xd inches) is boxed in the same man- 
ner as hf at the upper end, and has one 1} inch bolt. 

The piece n, is 3 J X 7 inches except about 8 feet of its 
upper end, which is reduced to 3^ inches wide ; and pass- 
es through its fellow m, and through k, m is also reduced 
to 3J inches at the npper end, and at the lower, fits a box- 
ing of 1 inch in the lower sfringer,but has no shouldering; 
has two 1^ inch bolts and a \ inch spike through, and two 
1 inch pins with bearing plates on the under side, through^. 

The diagonals i (9 X 3,) and its antagonist (7 X 3,) at the 
lower end, halve and lock, with lap pieces locked, bolted 
and spiked, as in the case of d,d, in the preceding plan, 
making up a thickness of G inches, which, of course, re- 
quires a \ inch boxing on the inside of the stringer pieces. 
This point has two IJ inch bolts. The diagonals gener- 
ally, should have ^ inch spike at the crossings ; or per- 
haps a round iron pin from J to f inch diameter would be 
cheaper and better. 

The cross beams for this stretch, being 9 feet apart, 
should be lOX 14 or 12 X 12 inches and put on as in pre- 
ceding plans. The horizontal braces may be from 3X5 
in the middle, to 3 X 7 at the ends of the span. 

Across the top are light tie beams, say 5X7 inches, 
fitted on to the top stringer, similarly to the fitting of the 
bearing beams below; secured with small bolts or spike, 
with diagonal horizontal braces, 3 X 4, or 4 X 4 inches. At 
the ends should be lateral supporters, running down from 
near the upper end of the main end braces ^, diverging 
from 1 in 6 to 1 in 4 outward, to the abutment, or a bed 
timber lying on the abutment ; and properly secured at 
both ends. These braces should be about 6 inches 
square, with perhaps a steadying block and small bolt 
midway. 

The truss in this plan is proportionally higher thaa is 

thought advisable for long spans, the height being to the 

length, as 1 to 4^. It is not certain whether this proportion 

for an 80 or 90 feet span is more or less economical than 

p2 
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a less height, independently of afibriiing room for the 
locomotive. But taking in that consideration, there can 
be no doubt of the propriety of giving to an 80 feet stretch, 
this height of truss. 

Reducing the height of truss I foot, and the space be- 
tween bearing points ^ a foot, will afford a stretch of ' 
about 75 feet, and still afford room for the engine, by a 
proper arrangement of track, &c. 

It is not necessary that the height of truss be exactly 
once, twice, or thrice- the space between bearing points 
or cross beams ; even with the uniform rectangular cross- 
ings of tlie diagonals or cancels. The height may be once 
and a half, or twice and a half the length of said space* 
Hence, the skillful engineer will find little difficulty in 
arranging the proportionate height of truss, and preserving 
the distance between bearers within such limits as to 
secure economy in the use of rail timbers, &c. 

The estimate for an 80 feet bi-idge is, 920 cubic feet of 
timber, and 1250 lbs. of iron. 

LXXT. It is hoped that enough of detail and specifi- 
cation have already been given, to make the peculiarities 
of the plans I recommend, intelligible to those conversant 
with the subject, or to those desirous of acquiring a knowl- 
edge thereof. I will therefore, after some remarks upon 
the adaptation of these plans to sustaining the load on the 
top of the trusses, and to the use of common roads, dis- 
miss the consideration of the subject for the present. 

It will appear obvious enough, that all these trusses in 
the preceding plans, are equally well, and even better 
calculated to sustain the weight on the top, than at the 
bottom, as they have been regarded to do in what pre- 
cedes. Some difference would take place, on making the 
transfer of weight, in the action of some of the parts. The 
amount of tension would be increased in some places, 
and thrust in others, and vice versa. This is necessary to 
be taken into account in apportioning the dimensions. 
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and arranging the connections of the parta, and sufficient 
directions and illustrations have already been given, to 
enable this to be done, and the plan arranged with fa- 
cility. 

When the track passes over the top, the abutments or 
piers should be built with offsets or recesses tct support 
the ends c^ the trusses, and a thin wall carried up to sup- 
port the ends of the rail timbers ; or, a bent of wood may 
be made to answer the purpose. 

With this arrangement of the track, the distance between 
trusses need not exceed the tenth part of the length of 
span, by which means a considerable saving may be effect- 
ed in the length and size of cross bearers. 

Horizontal bracing, of course, will be requisite at the 
top, but not at the bottom; of the trusses ; as the constant 
tension on the lower stringers, will counteract sufficiently 
any tendency to swing, unless the sides be boarded up, 
so as to take the severe- action of the wind ; in which case 
some bracing may be necessary. 

On the whole, it is manifest, that when practicable, 
there is a decidted advantage in point of economy, in ar* 
ranging the plan for the track to pass over the top. 

Common Road Bridges* 

LXXII. If we allow 16 ft. vndth of road-way, which 
will admit the passage of two carriages, and reckon 100 
lly. to the square foot for the maximum load of a common 
road bridge, the trusses for the latter would require only 
about three-fourths the strength that we have estimated for 
rail road bridges, aside from what supports the structure 
itself. 

But the flooring of the common road bridge is heavier 
than the rail track, though the load of 100 lbs. to the 
square foot is more, probably, than one bridge in a thou- 
sand is ever exposed to. It is therefore probable, that 
the trusses for common road bridges do not, in general, 
require more than three-quarters the strength of a rail 
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Toad bridge. Even much less streDgth, in many caseoiy 
would be entirely safe. 

Bat it is well to lean always towards safety, and rather 
make a structure unnecessarily strong than too weak.— ^ 
Enough, however, has perhaps been said on this head!. 

I would make no difference in the general plan 6f 
trusses for rail road or common bridges. Sometimes a 
less propoitionate height will be admissable, if thought to 
possess any advantages in the way of appearance, or for 
any other consideration. I would seldom, however, 
make the height less than one-eighth the length of span. 

A height from 12 to 14 ft. on a common road, will admit 
of ties across the top, and in such cases they should 
always be employed, with suitable horizontal bracing, and 
in all cases sufficient security should be provided to pre- 
serve the erect position of the trusses ; for if their erect- 
ness be lost, their strength is very much impaired, and 

they are not only dangerous, but very unpleasant to the 
eye. 

The flooring may be formed with longitudinal joists, 
upon the cross bearers, and cross planking upon the joists, 
or by making the bottom stringer a little larger, particu- 
larly deeper, diminishing the horizontal thickness of the 
cross bearers, and increasing their number, so as to leave 
spaces of only 2j or 3 fl. between them, and laying the 
plank lengthwise or diagonally. Horizontal braces may 
be spiked on the lower side of the cross beams or joists, 
in the manner of what is sometimes called stay-lathing. 

An advantage of planking lengthwise is, the more 
steady motion of carriages, producing less shaking of the 
structure; also, the less wearing of plank by toe corks. 
The disadvantage if any, is the liability of the wheels to 
wear at the joint» of the plank. It would seem that this 
might be obviated by inclining the plank more or less out 
of the direct line of the wheel track. The longitudinal 
planking is the cheaper method, as one set of timbers, (the 
joists,) is dispensed with, without any considerable in- 
crease in the expense of the cross timbers. On the whole. 
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I am at a loss for the reason of this plan of planking on 
bridges, not having been more extensively used. 

Roofing and Siding* 

LXXIII. As to the propriety of roofing and siding 
bridges, it may be remarked, that it no doubt adds consid- 
erably to the durability of the structure ; but it also 
increases the weight, and consequently the requisite 
strength of the trusses ; thereby enhancing the first cost 
to a considerable degree. They are much more liable to 
injury by the action of the wind, when roofed and sided, 
which is another somewhat important consideration. 

If a bridge costing $1000 without covering, will last 
nine years, an additional investment of $1818 at 5 per 
cent., compound interest, will produce the means of re- 
newal as oilen as necessary, so that $2818, will provide 
for a perpetual maintenance. 

Again, supposing that the same bridge protected by 
roofing and sidings will last thirty years and cost $1500, 
including repairs in keeping on boards, &c., it will require 
an investment of only about $500 to provide for renewal, 
or $2000 for perpetual maintenance. 

This shews decidedly in favor of roofing and siding, and 
I am inclined to think not too favorably, though the esti- 
mate of cost has been rather roughly made. For short 
stretches, the comparison would shew a different result 
up to a certain limit. The cost of roofing and siding, 
particularly the former, is about the same per foot run, 
for long or short stretches ; while the cost of the support- 
ing trusses, per foot, is nearly proportional to the length 
of stretches. 

A 30 ft. bridge for instance, would cost about double, 
with roof and siding, that it would without ; and allowing 
the former to cost $200 and the latter $100, the compari- 
son would be about $280 for the pei^etual maintenance of 
the uncovered bridge, against about $266 for the covered 
one. Hence, this must be near the dividing point; and it 
may be put down as highly probable, if not a decided 
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point, that below 30 ft. there is no economy in covering 
bridges; but above that limit, or something near that» 
there is a decided advantage in " protection/' increasing 
with the length of stretch. 

Many bridges are annually swept away in this country 
by floods aud freshets. Where the permanency of the 
structure is doubtful, prudence would rather dictate that 
the structure be made as cheap as possible, consistently 
with strength and safety. 

These remarks upon covering, have more particular 
reference to common bridges. As to rail road bridges, 
there is more liability to accident by fire in covered, than 
uncovered bridges, and the policy may be somewhat more 
doubtful, unless for considerable stretches. 

In the construction of bridges not designed to be cove- 
red, it is believed to be worthy of recommendation to 
saturate the joints, and points of contact of the diflerent 
pieces of timber, with oil-paint, pitch, or some other sub- 
stance that may serve to harden the timber, as well as pre- 
serve it by excluding water. Those parts are liable to 
decay much sooner than in other places, as well as being 
usually the weakest parts, where the timber is cut most to 
foiTQ the connections. 

Length of Stretch. 

There are cases where the length of the stretches for a 
bridge is optional, and may be Regulated as economy in 
construction may dictate. For instance, in crossing a 
broad stream or valley, where piers are not objectionable, 
as obstructing the current, &c. In such cases it is desira- 
ble to know what length of stretch is most favorable to 
economy. 

It may be assumed in the first place, that the cost of a 
pier is neurit/ the same to support a short, as a long span. 
Hence the cost of piers will be as their number ; or in- 
versely as the length of stretches. Therefore the mini- 
mum cost for both piers and superstructure, (for a bridge 
of indefinite length,) will occur when the cost of a pier is 
iuB( equal to tha( of one stretch of the superstructure. 
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The Dee Bridge. 

A considerable degree of excitement has been caused within a few 
months in England, by the failure of a bridge over the river Dee, near 
Chester, (England,) during the passage of a rail road train, by which ac- 
cident several lives ^ere lost. 

As the facts of the case may aiibrd an instructive lesson upon the sub- 
ject treated of in the preceding pages, I am inclined to state the most im- 
portant of them, with a few accompanying remarks, before taking leave of 
the subject. 

The bridge in question, was upon the plan called the " Cast Iron Girder 
Bridge." 
In this plan, each track, or pair of ways, is supported by two cast iron 

Girders, or beams, with their ends resting on abutments and piers, which, 
in the case of the Dee Bridge, are 98 feet apart. The form of the Gir- 
ders, is essentially that of the common railway bars, known as the X or X 
rail ; the vertical *' web" being two and one-eighth inches thick, by about 
three and one-half feet deep ; the lower flange, twenty-four and one-half 
inches wide by two and a half thick , and the top flange, about seven and 
a half inches wide, by a little less than two inches thick; the whole cross 
section containiug 160 square inches, and the whole depth being 45 inches. 

In addition to this, are wrought iron suspension bars, containing 60 
square inches of cross section, running obliquely downward from a con- 
nection at the ends, about 3 ft. above the upper flange, (there being a 
rising portion at the ends to which such connection is made,) to the lower 
flange, at the joints of the cast iron part, 36 ft., or one third the length of 
the girder, from the ends ; the casting being in three pieces, connected by 
bolting through flanges, and by strengthening pieces at the points. Between 
the two joints, the suspension bars run horizontally, just above the lower 
flange of the girder. 

One effect of these suspension bars is, to throw a great amount of thrust, 
or crushing force upon the top flange, in so much that the engineers who 
examined and testified upon the subject, upon the inquest held in relation 
to the lives lost by the accident, generally concurred in the opinion that 
they rather weakened than strengthened the girder. Adopting that con- 
clusion upon this point, which appears to be corroborated by experiment, 
let us examine whether the failure of the bridge, in connection with the 
other facts of the case, should inspire distrust, or confidence in the use of 
iron bridges for rail roads. 

By calculation according to formulas deduced from experiment, a pair 
of girders is estimated to be able to sustain at the extreme or break- 
ing point, 148 tons in the centre, or 296 tons distributed uniformly over 
their length. In this estimate, the testifying engineers concur with little or 
no variation. Now, the weight of a pair of girders, is about 70 tooB, or, 
with other parts of the stracture, about 90 tons. Mr. K. ^^V^'tiwRsok^ v$r)^- 
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giaeerO estimates the effects of the eoffine and tender as ** eqaiTikiit to 
33 tons in the cenire,** which is equal to 64 tons distributed. Add to 
these, " 25 tons of ballast," which was pat on to the bridge jost before the 
accident, and we see there was 90-}-64-f-25=179 tons upon the bridge, 
which was more than six-tenths of the actual breaking weight, aoppciiiig 
it all at rest, and acting equally on the two girders. But the action of the 
engine, and the vibration of the girders, (which must be considerable for a 
length between supports equal to 26 tiroes the depth,) must be very impor- 
tant, though not capable of exact estimation. It is therefore not improba- 
ble that the girder was taxed to more than two-thirds orits extreme capa- 
city under favorable circumstances. 

Now, from one-quarter to one-third of the actual breaking strain, ia all 
that any practical engineer estimates it safe to rely on cast iron to bear ; 
whereas, in case of the I>ee bridge, we see it exposed to a load of more 
than six-tenths of the ordinary capacity, besides the effects of motion, 
vibration. Sec, It certainly cannot be surprising, then, that a faUure took 
place. And so far from this failure amounting to evidence, or even an 
argument, against the safety of iron bridges, the fact that this is the first 
and only failure that has yet taken place, among "upwards of 100 similar 
bridges either in use or in the course of construction, in England," some of 
which are doubtlessly, often exposed to strains exceeding half their abso- 
lute capacity to bear, seems calculated to Inspire the fullest confidence, 
that, properly proportioned, so as never to be exposed to a stress of more than 
one-fifth or one-quarter of the average strength of the metal. Iron bridges 
may be relied on with the utmost confidence. 

We see that the Dee bridge contained some 70 tons or more of iron in 

the girders, for a single track of 98 feet stretch,* besides 20 tons in the 

other work, which is nearly one-third of the actual breaking weight of the 

girders ; and as much or more than they ever should or could with safety, 

be exposed to. 

The English engineers seem to me to have erred, in deducting the 
weight of the structure froln the breaking weight, instead of the safe load 
of the girders, to obtain the effective strength. 

, Now, that the most eminent engineers, of a most scientific nation, 
should be obliged to avail themselves of the extensive employment of such 
a plan of structure as that, is evidence enough of a prevalent want of 
more light upon the subject of Bridges. And whether my labors in the 
field will have aided essentially towards supplying the deficiency, it is un- 
necessary for me to give a more direct expression of opinion, than will be 
afforded by respectfully offering these humble essays to the attention of the 
engineering profession. 



*I wtimats the unoant of izoa for a like stretch upon my plant, st about 15 tons. 
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